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ABSTRACT
The growth,  deve lopm ent ,  g r a i n  y i e l d ,  and y i e l d  components o f  r i c e  
( Oryza s a t i v a  L. c u l t i v a r  Mars) were compared under  d i f f e r e n t  c u l t u r a l  
and f e r t i l i z a t i o n  p r a c t i c e s  a t  t h r e e  l o c a t i o n s  in Lou is iana .  L o c a t io n s  
and s o i l s  were:  N o r t h e a s t  Research S t a t i o n ,  Sharkey c l a y ;  Macon Ridge
Branch o f  t h e  N o r t h e a s t  Research S t a t i o n ,  Gigger  s i l t  loam; and t h e  Rice 
Research  S t a t i o n ,  Crowley s i l t  loam.
The i n f l u e n c e  o f  c u l t u r a l  system was v a r i a b l e  ov e r  t h e  l o c a t i o n s  and 
y e a r s .  However, t h e  c u l t u r a l  system w i t h  t h e  l a r g e r  means f o r  d ry  
m a t t e r ,  c o n c e n t r a t i o n  and up take  o f  N a t  m i d - t i l l e r i n g  and p a n i c l e  
d i f f e r e n t i a t i o n  t ende d  t o  have l a r g e r  g r a i n  y i e l d s .  Ni trogen up take  a t  
m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  were p o s i t i v e l y  c o r r e l a t e d  wi th  
g r a i n  y i e l d s .  Regress ion  a n a l y s i s  i n d i c a t e d  t h a t  more v a r i a t i o n  in  g r a i n  
y i e l d  cou ld  be accounted  f o r  by N up take  a t  m i d - t i l l e r i n g .
N i t rogen  r a t e  and a p p l i c a t i o n  t im e  i n f l u e n c e d  g r a i n  y i e l d s .  Grain 
y i e l d s  were g e n e r a l l y  maximized when N was a p p l i e d  as a s i n g l e  p r e p l a n t  
o r  p r e f l o o d  a p p l i c a t i o n .
Yi e l d  components were i n f l u e n c e d  by N r a t e s  and a p p l i c a t i o n  t imes .  
The number o f  f l o r e t s  p e r  p a n i c l e  and t h e  one th ousa nd  g r a i n  weight  
t e n d e d  t o  be l a r g e r  when N was a p p l i e d  as  a t h re e -w a y  s p l i t  a p p l i c a t i o n .  
In g e n e r a l ,  p a n i c l e  d e n s i t y  and f l o r e t  s t e r i l i t y  was l a r g e r  when N was 
a p p l i e d  a s  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  There  was a 
g e n e r a l  d e c r e a s e  i n  t h e  one th o u sa n d  g r a i n  w e i g h t  a s  N r a t e s  were 
i n c r e a s e d .  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  up to  43% o f  t h e  
t o t a l  v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accoun ted  f o r  by p a n i c l e  d e n s i t y ,  
t h e  number o f  g r a i n s  p e r  p a n i c l e  and t h e  one thousand  g r a i n  weight.
D r i l l - s e e d e d  r i c e  produced t a l l e r  p l a n t s  and more lodg ing .  Ni t rogen
x v i i i
r a t e  and a p p l i c a t i o n  t i m e  s i g n i f i c a n t l y  i n c r e a s e d  p l a n t  h e i g h t  and 
lodg in g .  P l a n t  h e i g h t  and lodg in g  were g r e a t e s t  when N was a p p l i e d  as a 
s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
The w a t e r - s e e d e d  r i c e  r e q u i r e d  s i g n i f i c a n t l y  f e w e r  days t o  50% 
heading.  The number o f  days t o  50% heading  was de c re a s e d  when N was 
a p p l i e d  a s  s p l i t  a p p l i c a t i o n s  i n  r e l a t i o n  t o  a s i n g l e  p r e p l a n t  o r  
p r e f l o o d  N a p p l i c a t i o n .
xix
INTRODUCTION
The c u l t u r a l  p r a c t i c e s  t h a t  a p r o d u c e r  u t i l i z e s  i n  h i s  fa rming  
o p e r a t i o n  have a pronounced i n f l u e n c e  on t h e  y i e l d  o f  r i c e  ( Oryza s a t i v a  
L.).  A p roduce r  must  t a k e  i n t o  c o n s i d e r a t i o n  t h e  growth and development  
r e q u i r e m e n ts  o f  t h e  r i c e  p l a n t  and p ro v id e  t h e s e  r equ i r em e n ts  a t  t h e  
c r i t i c a l  s t a g e s .  The p ro d u c e r  must  i n s u r e  ade qua te  and un i fo rm s t a n d  
e s t a b l i s h m e n t  by p r o p e r  s o i l  p r e p a r a t i o n  and s e e d i n g  methods.  The 
c u l t u r a l  t e c h n i q u e s  shou ld  s t i m u l a t e  t h e  t i l l e r i n g  a b i l i t y  o f  t h e  p l a n t  
w i t h o u t  e x c e s s i v e  p r o d u c t i o n  o f  v e g e t a t i v e  growth. The p roduce r  must 
maximize t h e  number o f  p o t e n t i a l  g r a i n s  on each de v e lo p in g  p a n i c l e  by 
p r o p e r  N f e r t i l i z a t i o n  and w a te r  management. Then,  he  i s  l a r g e l y  a t  t h e  
mercy o f  n a t u r e  in  g e t t i n g  maximum p o l l i n a t i o n  and g r a i n  f i l l i n g .  The 
p ro d u ce r  must  grow h i s  c rop  e c o nom ica l ly ,  t im e  i t s  o p e r a t i o n s  and th rough  
c u r r e n t  c u l t u r a l  t e c h n i q u e s ,  p r o t e c t  i t  from weeds,  i n s e c t s ,  b i r d s  and 
d i s e a s e s .  Envi ronmental  c o n d i t i o n s  de te rm ine  how much of  t h i s  p o t e n t i a l  
wi l l  be r e a l i z e d  as  y i e l d .
Rice  f a r m e r s  i n  L o u i s i a n a  u t i l i z e  two c u l t u r a l  sys tems in t h e i r  
fa rming  o p e r a t i o n s .  These a r e :  (1)  d r y - s e e d e d  ( d r i l l - s e e d e d  o r  b road ­
c a s t  seeded  and harrowed) and ( 2 ) w a t e r - s e e d e d  r i c e  ( seeded  i n t o  f looded  
f i e l d s ) .  The e f f i c i e n c y  in  t h e  use o f  N f e r t i l i z e r  i s  i n f l u e n c e d  by t h e  
t im e  and method o f  a p p l i c a t i o n  in  t h e  two sys tems and t h e s e  f a c t o r s  
g r e a t l y  i n f l u e n c e  t h e  growth and  deve lopment  o f  t h e  r i c e  p l a n t  and 
su b s eq u e n t  r i c e  y i e l d s .  E x t e n s i v e  r e s e a r c h  c o n c e r n in g  N f e r t i l i z e r  
u t i l i z a t i o n  has  been conducted  w i t h i n  each o f  t h e  two c u l t u r a l  systems 
however,  on l y  l i m i t e d  r e s e a r c h  comparing t h e  two c u l t u r a l  systems has
2been r ep o r t e d .
The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were:  t o  d e te r m in e  t h e
i n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  t o  Sharkey c l a y ,  Gigger  s i l t  
loam, and Crowley s i l t  loam on t h e  growth,  deve lopm ent ,  y i e l d ,  and y i e l d  
components o f  r i c e  d r i l l - s e e d e d  on a d r y  seedbed and r i c e  b r o a d c a s t  
seeded in a f lo o d e d  s o i l .  P l a n t  h e i g h t ,  l o d g in g ,  days t o  50% head ing ,  
h a r v e s t  index ( HI ) ,  and n i t r o g e n  h a r v e s t  index (NHI) were a l s o  used t o  
e v a l u a t e  t h e  two se ed in g  methods and N t r e a t m e n t s .
LITERATURE REVIEW
Rice i s  a unique major  food c rop  o f  t h e  wor ld  by v i r t u e  o f  t h e  
e x t e n t  and v a r i e t y  o f  u s e s  and i t s  a d a p t a b i l i t y  t o  a broad range  o f  
c l i m a t e s ,  and c u l t u r a l  c o n d i t i o n s .  Rice i s  u s u a l l y  grown under  sha l low  
f l o o d  o r  " lowland" c o n d i t i o n s ,  b u t  i t  i s  a l s o  c u l t u r e d  where f lo o d  w a te r s  
may be s e v e r a l  m e te r s  deep and t o  t h e  o p p o s i t e  ext reme  a s  an upland 
c e r e a l .  Unlike  most  c e r e a l  c ro p s  r i c e  b e n e f i t s  f rom s t a n d i n g  wa te r .  
Rice has  t h e  c a p a b i i t y  f o r  a n a e r o b i c  r e s p i r a t i o n  and has  aerenchyma 
t i s s u e  in  t h e  a e r i a l  o rgans  th rough  which oxygen d i f f u s e s  t o  t h e  r o o t s  
(Mikkelsen and DeDatta ,  1980).
Flood ing  t h e  s o i l  has  a marked e f f e c t  on t h e  b e h a v io r  o f  s e v e r a l  
im por ta n t  p l a n t  n u t r i e n t s  and on t h e  growth and y i e l d  o f  r i c e .  The 
changes in p l a n t  n u t r i e n t  a v a i l a b i l i t y  r e s u l t i n g  from f l o o d i n g  a r e  due to  
b i o l o g i c a l  o x i d a t i o n  -  r e d u c t i o n  p r o c e s s e s  b ro u g h t  i n t o  p l a y  by t h e  
e x c l u s i o n  o f  oxygen from t h e  f lo o d e d  s o i l .  The p re s e n c e  o f  a l a y e r  o f  
w a te r  ove r  t h e  s o i l  s u r f a c e  r e s t r i c t s  t h e  movement o f  oxygen t o  t h e  s o i l  
and causes  microorgan isms t h a t  o r d i n a r i l y  use oxygen t o  sw i tc h  t o  o t h e r  
r e d u c i b l e  s u b s t a n c e s  i n  o r d e r  t o  c a r r y  on r e s p i r a t i o n .  I t  i s  t h e s e  
b i o l o g i c a l  r e d u c t i o n  r e a c t i o n s  and t h e  chemical  r e a c t i o n s  t h a t  accompany 
them t h a t  a r e  r e s p o n s i b l e  f o r  much o f  t h e  change in  n u t r i e n t  b e h a v io r  in 
f l o o d e d  s o i l s .
The r e s t r i c t i o n  o f  oxygen d i f f u s i o n  does no t  mean t h a t  t h e  e n t i r e  
p r o f i l e  o f  a f lo o d e d  s o i l  i s  un i fo rm ly  low in  oxygen.  Normally t h e  
oxygen c o n t e n t  i s  r e l a t i v e l y  h i g h e r  in a l a y e r  e x t e n d i n g  from a few 
m i l l i m e t e r s  t o  one c e n t i m e t e r  below t h e  s o i 1 - w a t e r  i n t e r f a c e .  Flood
3
4w a t e r  a l w a y s  c o n t a i n s  some o x y g e n  i n  a d i s s o l v e d  s t a t e  f r o m  t h e  
a tmosphere  o r  f rom v a r i o u s  hydrophyte s  c a r r y i n g  on p h o t o s y n t h e s i s  in t h e  
w a te r .  The t h i n  0 2- c o n t a i n i n g  s u r f a c e  l a y e r  o f  s o i l  immediate ly  below 
t h e  w a te r  l a y e r  s u p p o r t s  a e r o b i c  microorgan isms t h a t  c a r r y  on b i o l o g i c a l  
p r o c e s s e s  s i m i l a r  t o  t h o s e  in  a e r a t e d  s o i l  ( P a t r i c k  and Mikkelsen ,  1971). 
As long a s  02  i s  p r e s e n t  in t h e  s o i l ,  NO3 -N and o t h e r  o x i d i z e d  conponents  
o f  t h e  s o i l  do no t  undergo e x t e n s i v e  b i o l o g i c a l  and chemical  r e d u c t io n .  
A f t e r  0 2  has  d i s a p p e a re d  from a submerged s o i l  t h e  need f o r  e l e c t r o n  
a c c e p t o r s  by f a c u l a t i v e  a n a e r o b ic  and t r u e  a n a e r o b ic  organ isms r e s u l t s  in 
t h e  r e d u c t i o n  o f  N03 ~N, h i g h e r  ox ides  o f  Mn, h y d r a t e d  Fe 2 0 3 , SO^-S and CO 
( P a t r i c k ,  1982).
The b e h a v io r  o f  N in  f looded  s o i l s  i s  markedly d i f f e r e n t  from i t s  
b e h a v i o r  i n  w e l l  d r a i n e d  s o i l s  t h a t  a r e  b a t h e d  i n  a t m o s p h e r i c  0 2. 
F lood ing  t h e  s o i l  r e s u l t s  in t h e  accum ula t ion  o f  NH4+, t h e  i n s t a b i l i t y  o f  
NO3 " ,  and a lowered N r e q u i r e m e n t  f o r  o r g a n i c  m a t t e r  decompos i t ion .  
Flood ing  t h e  s o i l  a f f e c t s  t h e  b e h a v io r  o f  added f e r t i l i z e r  N a s  wel l  as 
n a t i v e  s o i l  N, and must  be t a k e n  i n t o  c o n s i d e r a t i o n  in  t h e  N f e r t i l i z a ­
t i o n  o f  lowland r i c e .  The unique r e a c t i o n s  undergone by N in  f looded  
s o i l s  r e s u l t  in  c o n s i d e r a b l e  l o s s  o f  a p p l i e d  N f e r t i l i z e r  ( P a t r i c k  and 
M ikke lsen ,  1971).
N i t ro g e n  l o s s e s  in f lo o d e d  s o i l s  occu r  main ly from n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n  r e a c t i o n s  and NH3  v o l a t i l i z a t i o n .  Leaching and s u r f a c e  
r u n o f f  a r e  o t h e r  means by which N can be  l o s t  from r i c e  s o i l s .  As 
p o i n t e d  o u t  by Craswell  and Vlek (1979) t h e s e  N l o s s  mechanisms have 
been l a r g e l y  n e g l e c t e d  due t o  t e c h n i c a l  d i f f i c u l t i e s  o f  measuring such 
l o s s e s  in t h e  f i e l d .  However, t h e s e  a u th o r s  have r e p o r t e d  in a long term 
s t u d y ,  l e a c h in g  l o s s e s  o f  3.4 t o  25.4 p e r  c e n t  o f  t h e  a p p l i e d  N. S u r f a c e
r u n o f f  l o s s e s  va ry  from a l o s s  of  5.6 kg N/ha t o  a ga in  o f  2.6 kg N/ha. 
Craswell  and Vlek s t a t e d  t h a t  t h e s e  N l o s s  mechanisms a re  l i k e l y  t o  be 
s i t e  s p e c i f i c  and v a ry  w i t h  d i f f e r e n c e s  in  w a te r  management and s o i l  
c h a r a c t e r i s t i c s .
N i t r i f i c a t i o n  i s  c o m p le te ly  i n h i b i t e d  in  a submerged s o i l  i f  no f r e e  
oxygen e x i s t s .  However, some n i t r i f i c a t i o n  can t a k e  p l a c e  in  c e r t a i n  
p a r t s  o f  a submerged s o i l  s i n c e  oxygen i s  u s u a l l y  p r e s e n t  in  t h e  w a te r  
column and in  t h e  s u r f a c e  l a y e r  o f  s o i l  as  w e l l  a s  in  t h e  a e r o b i c  r o o t  
r h i z o s p h e r e  o f  r i c e  p l a n t s .  Submerged s o i l s  a r e  c h a r a c t e r i z e d  by having 
a e r o b i c  zones where n i t r i f i c a t i o n  can o c c u r  in c l o s e  p r o x im i ty  t o  where 
d e n i t r i f i c a t i o n  c a n  o c c u r .  T h e  l o s s  o f  N t h r o u g h  n i t r i f i c a t i o n -  
d e n i t r i f i c a t i o n  r e a c t i o n s  r e s u l t s  in  N lo s s  as  e i t h e r  N 2 o r  N20 ( P a t r i c k ,  
1982).
The s e q u e n t i a l  p r o c e s s e s  f u n c t i o n i n g  in  a submerged s o i l  a r e  NH4  
d i f f u s i o n  from t h e  a n a e r o b ic  l a y e r  t o  t h e  s u r f a c e  a e r o b i c  l a y e r ,  n i t r i f i ­
c a t i o n  and subsequen t  d i f f u s i o n  from t h e  a e r o b i c  l a y e r  t o  t h e  ana e rob ic  
l a y e r ,  th e n  d e n i t r i f i c a t i o n .  These p r o c e s s e s  w i l l  occu r  c o n t in u o u s ly  i f  
0 2  i s  p r e s e n t  a t  t h e  s o i l  s u r f a c e  and i f  t h e r e  i s  enough o rg an ic  m a t t e r  
t o  c r e a t e  reduc ing  c o n d i t i o n s  in  t h e  s o i l  and t o  p r o v id e  NH4+ . I t  i s  
i m p o r ta n t  t o  know a t  what r a t e s  t h e s e  p r o c e s s e s  a r e  f u n c t i o n i n g  and which 
o f  t h e s e  p r o c e s s e s  i s  l i m i t i n g  t o  t h e  o v e r a l l  r a t e .  The k i n e t i c s  o f  each
p r o c e s s  were i n v e s t i g a t e d  by Reddy e t  a l .  (1980) .  T h e i r  d a ta  showed NH4
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d i f f u s i o n  r a t e  (0.216 cm / d a y )  and n i t r i f i c a t i o n  r a t e  (2.07 ug /g  p e r  day)  
f u n c t i o n i n g  s l o w e r  t h a n  n i t r a t e  d i f f u s i o n  ( 1 . 3 3  c m 2 / d a y )  a n d  
d e n i t r i f i c a t i o n  (0.315 ug /g  p e r  day)  in a submerged Crowley s i l t  loam 
s o i l .  N i t r a t e  d i f f u s i o n  and d e n i t r i f i c a t i o n  p r o c e s s e s  a p p a r e n t l y  d id  no t  
s low down t h e  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n  sequence in t h e  s o i l  s t u d i e d .
6Ammonium d i f f u s i o n  i s  dependen t  on n i t r i f i c a t i o n  t o  remove NH4  and t o  
e s t a b l i s h  a c o n c e n t r a t i o n  g r a d i e n t  o f  NH 4  . I f  n i t r i f i c a t i o n  does no t  
o c c u r ,  t h e r e  w i l l  be l i t t l e  NH^-N movement. The slow r a t e  o f  NH -N
d i f f u s i o n  from t h e  a n a e r o b ic  s o i l  l a y e r  t o  t h e  a e r o b i c  s o i l  l a y e r  
i n d i c a t e  t h a t  t h e s e  two p r o c e s s e s  a r e  l i m i t i n g  s t e p s  in  c o n t r o l l i n g  N 
l o s s .  N i t r a t e  d i f f u s i o n  i n t o  t h e  a n a e r o b ic  s o i l  l a y e r  and N O g - N  r e d u c ­
t i o n  in  t h e  a n a e r o b ic  s o i l  l a y e r  were found t o  proceed  a t  a f a s t e r  r a t e  
and a r e  n o t  l i k e l y  t o  l i m i t  N l o s s  from f lo o d e d  s o i l s .  Broadbent  and 
Tusneem (1971) showed t h e  n e c e s s i t y  f o r  n i t r i f i c a t i o n  as  a p r e lu d e  t o  N 
l o s s .  When O 2 was exc luded  from t h e i r  e xpe r im e n ta l  sys tem, no N 0 g ~  was 
produced and c o n s e q u e n t ly  no N was evolved .  P a t r i c k  and Mikkelsen 
(1971) r e p o r t e d  l o s s e s  o f  10 t o  60% o f  t h e  a p p l i e d  N t o  d e n i t r i f i c a t i o n  
depending  upon s o i l  t y p e .  pH, and t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  o f  
t h e  s o i l .
N i t roge n  can a l s o  be l o s t  from submerged s o i l s  th rough  v o l a t i l i z a ­
t i o n  o f  NHg. The v o l a t i l i z a t i o n  o f  ammonia from a s o i l  i s  a f u n c t i o n  o f  
t h e  v a r i o u s  p r o p e r t i e s  o f  t h e  s o i l  system invo lved ,  i n c l u d in g  s o i l  pH, 
c a t i o n  exchange c a p a c i t y ,  t e m p e ra t u re  and c o n c e n t r a t i o n  o f  NH4  in  t h e  
f l o o d  w a te r  (DeDatta ,  1981a).
Losses  o f  v o l a t i l e  NH3  f rom f lo o d e d  r i c e  s o i l s  r e p o r t e d  by MacRae 
and Anca jas  (1970)  a r e  c a l c u l a t e d  a s  7% o f  t h e  (NH4 ) 2 S0 4  a p p l i e d  and as 
much as  19% o f  t h e  COtNH,,)^ w i t h i n  7 weeks,  a t  r a t e s  o f  50 and 200 kg 
N/ha.  Ventura  and Yoshida (1977) measured N H g  v o l a t i l i z a t i o n  l o s s e s  from 
d i f f e r e n t  N s o u rc e s  on a f lo o d e d  Maahas c l a y  s o i l ,  and r e p o r t e d  thatNH 3  
l o s s e s  o c c u r e d  p r i n c i p a l l y  d u r i n g  t h e  f i r s t  n i n e  d a y s  a f t e r  N 
a p p l i c a t i o n .  Losses  were small  when s o i l  pH was a d j u s t e d  below pH 7.4. 
T h e i r f i e l d  expe r im en t s  showed N l o s s e s  o f  3.8% from (NH4 ) 2 S 0 4 and 8.2%
7f rom C0(NH2 ) 2  d u r in g  a 21 -day  sampling p e r i o d ,  when b r o a d c a s t  a t  100 kg 
N / h a .  Ammonia v o l a t i l i z a t i o n  l o s s e s  w e r e  r e d u c e d  by 50% when N 
f e r t i l i z e r  was i n c o r p o r a t e d  i n t o  a puddled s o i l .  Mikkelsen  e t  a l  (1979)  
found NH4  forms o f  f e r t i l i z e r s  b r o a d c a s t  i n t o  a h igh  pH w a te r  a r e  h ig h ly  
s u s c e p t i b l e  t o  d i r e c t  NH3  v o l a t i l i z a t i o n  l o s s e s .  N i t ro g e n  l o s s e s  from 
f e r t i l i z e r  b r o a d c a s t  i n t o  f lo o d  w a te r  on a f e r t i l e ,  n e u t r a l - p H  Maahas 
c l a y  w e r e  a s  h i g h  a s  2 0 % o f  t h e  a m o u n t  a p p l i e d ,  b u t  l o s s e s  v a r i e d  
depending upon w a t e r  pH, t h e  N s o u r c e ,  and r a t e ,  t i m e ,  and method o f  
a p p l i c a t i o n .  Losses  from an a c id  L u i s i a n a  c l a y ,  where t h e  f lo o d  w a te r  
was no t  conducive  t o  a l g a l  growth and d id  no t  exceed pH 6 .8 , r e s u l t e d  in
NH3  v o l a t i l i z a t i o n  l o s s e s  c o n s i s t e n t l y  l e s s  t h a n  1% o f  t h e  t o t a l  N
a p p l i e d .  Placement  o f  N f e r t i l i z e r  i n  t h e  s o i l  a t  dep th s  o f  10-12 
c e n t i m e t e r s  r educed  NH3  v o l a t i l i z a t i o n  l o s s e s  t o  l e s s  than  1 % o f  t h e  
t o t a l  N a p p l i e d .  The p r e v i o u s  ment ioned  mechanisms o f  N l o s s  s e v e r e l y  
l i m i t  maximum N use  e f f i c i e n c y  in  f lo o d e d  s o i l s .  However, a s  p o in te d  ou t  
by M i l l s  e t  a l .  (1974) and Broadbent  and Tusneem (1971) ,  N l o s s e s  can be 
reduced  up t o  60% when r i c e  p l a n t s  a r e  p r e s e n t  i n  t h e  e xpe r im e n ta l  
system. Rapid a b s o r p t i o n  o f  N by p l a n t  r o o t s  a ppear s  t o  accoun t  f o r  t h e  
c o n s e r v a t i o n  o f  N.
Amounts o f  a p p l i e d  N in  r i c e ,  r ang ing  from 5 t o  30 kg N/ha,  have not  
been accounted  f o r  d u r in g  a growing season  P a t r i c k  e t  a l .  (1974) and
Reddy and P a t r i c k  (1976) .  DaSi lva  and S t u t t e  (1981) p o s t u l a t e d  t h a t
v o l a t i l e  N l o s s  from p l a n t  l ea ve s  may p a r t i a l l y  accoun t  f o r  i n e f f i c i e n t  
r e s p o n s e s  by r i c e  p l a n t s  t o  n i t r o g e n  f e r t i l i z e r .  These r e s e a r c h e r s  
measured v o l a t i l e  N lo s s  a lo ng  wi th  t h e  t r a n s p i r a t i o n a l  w a te r  vapors  from 
r i c e  leaves .  C a l c u l a t i o n s  based on c o l l e c t e d  d a t a ,  e s t i m a t e d  N l o s s  of  
14.1 t o  15.2 kg N/ha from p l a n t  l eaves  depending upon t h e  r i c e  c u l t i v a r
8o v e r  a one hundred day p e r io d .
The l i t e r a t u r e  on N b e h a v io r  in f lo o d e d  s o i l s  i s  more e x t e n s i v e  than  
t h i s  rev iew  does  j u s t i c e .  However, a b a s i c  u n d e r s t a n d in g  o f  t h i s  
phenomenon i s  n e c e s s a r y  when s tu d y in g  how d i f f e r e n t  c u l t u r a l  p r a c t i c e s  
a r e  u t i l i z e d  in  r i c e  p r o d u c t i o n  based  on t h e s e  p r o c e s s e s  t o  maximize r i c e  
y i e l d s  th rough e f f i c i e n t  use  o f  N.
Rice  i s  produced in  L o u i s i a n a  unde r  two b a s i c  c u l t u r a l  systems.  
These a r e  r i c e  seeded in  d ry  s o i l  and r i c e  seeded  i n t o  f l o o d e d  s o i l .  
With in  t h e s e  two b a s i c  management sys tems,  t h e r e  a r e  l a r g e  d e v i a t i o n s  in 
management p r a c t i c e s .  There a r e  two methods of  dry  se ed in g  r i c e .  These 
i n c l u d e :  ( 1 ) d r i 1 1 - s e e d ,  f l u s h  and o r  r a i n f e e d  u n t i l  t h e  r i c e  s e e d l i n g s
a r e  15 t o  20 cm t a l l  a t  which t im e  t h e  r i c e  i s  pe rmanen t ly  f looded  and
( 2 ) b r o a d c a s t  t h e  r i c e  on a d r y  s e e d b e d ,  c o v e r  t h e  r i c e  by l i g h t  
ha rrowing  o r  d i s k i n g ,  f l u s h  and o r  r a i n f e e d  t h e  f i e l d  u n t i l  t h e  r i c e  
s e e d l i n g s  a r e  a p p ro x im a te ly  15 t o  20 cm t a l l ,  t h e n  pe rm anen t ly  f l o o d  t h e  
f i e l d .  There a r e  t h r e e  methods o f  w a te r  s e ed in g  r i c e :  These i n c l u d e :
( 1 ) w a t e r - s e e d e d  wi th  a permanent  f l o o d  ( 2 ) w a t e r - s e e d e d  d r a i n e d - f l u s h e d  
and o r  r a i n f e d  u n t i l  t h e  r i c e  i s  15 t o  20 cm t a l l  t h e n  pe rmanen t ly  
f l o o d e d  (3)  w a t e r - s e e d e d - d r a i n  u n t i l  t h e  r a d i c l e  p e n e t r a t e s  t h e  s o i l ,  
th e n  f l o o d  t h e  f i e l d  p r o g r e s s i v e l y  as  t h e  r i c e  grows.  The l a s t  c u l t u r a l  
p r a c t i c e  i s  known as  " p in  p o i n t "  f l o o d i n g  (Brandon e t  a l . ,  1980a).
Each o f  t h e  two b a s i c  r i c e  c u l t u r a l  sys tems  ( d r y - s e e d e d ,  w a te r -  
seeded)  have t h e i r  a d v a n ta g e s  and d i s a d v a n t a g e s .  Dry-seeded  r i c e  i s  
u s u a l l y  i n f e s t e d  w i t h  b o t h  t e r r e s t r i a l  w e e d s  s u c h  a s  r e d  r i c e  
( O r y z a  s a t i v a ) ,  m o r n i n g g l o r y  ( I p o m o l a  s p . ) ,  J o h n s o n g r a s s  
(Sorghum h a l e p e n s e ) and a q u a t i c  weeds [ b a r n y a rd  g r a s s  ( Echinochloa  sp.)  
and s p r a n g l e t o p  (Lep toch loa  s p . ) ]  t h a t  t o l e r a t e  f l o o d i n g  a f t e r  emergence.
9A d d i t i o n a l  weeds a s  d u c k s a l a d  ( H e t e r a n th e r a  sp .)  s e s b a n i a  ( Se sban ia  
e x a l t a t a ) and reds tem  (Am m annia  a u r i c u l a t a ) may g e r m i n a t e  a f t e r  
f l o o d i n g .  Rice  h e a v i l y  i n f e s t e d  w i th  b a r n y a r d g r a s s  i s  a l s o  u s u a l l y  
a s s o c i a t e d  wi th  r i c e  s t i n k  bug ( Oebalus  pugnax) and r i c e  w a t e r  weevi l  
( L i s so rhopprus  o r y z o p h i l u s ) p o p u l a t i o n s .  W ate r - seeded  r i c e  i s  u s u a l l y  
i n f e s t e d  wi th  on ly  a q u a t i c  w e e d s  s u c h  a s  s e s b a n i a ,  a l  1 i g a t o r w e e d  
( A l t e r n a n t h e r a  p h i l o x e r o i d e s ) ,  du c k s a l a d  and reds tem t h a t  ge rm ina te  in 
f l o o d e d  s o i l ,  t e r r e s t r i a l  weeds may g e rm in a t e  d u r in g  d r a i n e d  p e r i o d s  
a f t e r  r i c e  emerges (Smith e t  a l . ,  1977). Brandon e t  a l .  (1980b) and 
Johnson and M i l l e r  (1973) have l i s t e d  o t h e r  advan tages  and d i s a d v a n t a g e s  
o f  each c u l t u r a l  system. These  i n c l u d e  in  t h e  w a t e r - s e e d e d  system: (1)
more r a p i d  s e e d l i n g  growth because  o f  more s t a b l e  t e m p e r a t u r e  i n  t h e  
m ic ro c l im a te  o f  t h e  s e e d l i n g ,  ( 2 ) changes i n  t h e  o x i d a t i o n - r e d u c t i o n  
e q u i l i b r i a  in t h e  s o i l  r e s u l t i n g  in  i n c r e a s e d  n u t r i e n t  a v a i l a b i l i t y  (3) 
more o p e r a t i o n a l  f l e x a b i l i t y  because  r a i n f a l l  does no t  i n t e r r u p t  seedbed 
p r e p a r a t i o n  in  t h e  f l o o d e d  f i e l d ,  and r a p i d i t y  o f  s e e d in g  o p e r a t i o n .  
Disadvan tages  i n c l u d e :  (1)  un i fo rm  s ta n d  e s t a b l i s h m e n t  i s  more d i f f i c u l t
because  o f  s e e d l i n g  d r i f t  ( 2 ) h i g h e r  p e rc e n ta g e  o f  s e e d l i n g  m o r t a l i t y  due 
t o  s o i l  coverage  o f  s eed ,  s e e d l i n g  d i s e a s e s ,  and i n s e c t s ;  and p r e - s o a k in g  
o f  seeds  i s  a l o g i s t i c a l  problem in s eed ing  o p e r a t i o n s .  Advantages o f  
t h e  dry seeded system i n c l u d e :  ( 1 ) more uni form r i c e  s t a n d  wi th  l e s s
seed  r e q u i r e d  th a n  f o r  w a t e r - s e e d e d  sy s te m s ,  (Uniform r i c e  s t a n d s  a r e  
im p o r ta n t  b e c au s e  t h e y  enhance  t h e  p o t e n t i a l  f o r  even g r a i n  m a t u r i t y .  
Gra in m atu r ing  u n i f o r m i l y  w i l l  g e n e r a l l y  have  a b e t t e r  g r a d e ,  and 
c o n s e q u e n t ly  w i l l  u s u a l l y  command a b e t t e r  p r i c e . )  ( 2 ) s l i g h t l y  l e s s  
c o s t  p e r  a c r e  when d r i l l - s e e d e d  due t o  l e s s  w a te r  and a i r p l a n e  use ;  and
(3)  s l i g h t l y  l e s s  lodg ing  a t  h a r v e s t .  D i sa dvan ta ges  o f  d r y - s e e d e d  r i c e
1 0
i n c l u d e :  ( 1 ) s lo w e r  d r y - m a t t e r  a c cum ula t ions  e a r l y  be c ause  o f  g r e a t e r
m ic ro c l im a te  t e m p e r a t u r e  f l u c u a t i o n s  ( 2 ) m in e r a l  n u t r i e n t s  a r e  n o t  as  
r e a d i l y  a v a i l a b l e  and n i t r o g e n  f e r t i l i z e r  e f f i c i e n c y  i s  reduced  a s
compared t o  w a t e r - s e e d e d  r i c e ;  and (3 )  s l i g h t l y  de la y e d  c rop  m a t u r i t y .
There i s  a d i f f e r e n c e  in g e rm ina t ion  morphology o f  r i c e  seeds  under 
t h e  two b a s i c  c u l t u r a l  sys tems  (DeDat ta ,  1981a).  When a r i c e  g r a i n  
ge rm in a t e s  in an a e r a t e d  env ironm en t ,  such as a wel l  d r a i n e d  s o i l ,  t h e  
c o l e o r h i z a  s h e a th  e n v e lop ing  t h e  r a d i c l e  in  t h e  embryo p r o t r u d e s  b e f o r e  
t h e  r a d i c l e .  The mesocoty l  in  t h e  young r i c e  s e e d l i n g  r e p r e s e n t s  t h e  
i n t e r n o d e  between t h e  c o l e o p t i l e  node and t h e  s e e d ,  which u s u a l l y
e l o n g a t e s  i n  t h e  absence  o f  l i g h t  which o c c u r s  i n  d r y - s e e d e d  r i c e  
sys tems.  Dry-seeded r i c e  emergence i s  due t o  mesocotyl  and c o l e o p t i l e  
e l o n g a t i o n  th rough  t h e  s o i l  s u r f a c e .  Whereas , i f  a r i c e  g r a i n  ge rm ina te s  
in  w a t e r ,  t h e  c y l i n d e r  l i k e  c o l e o p t i l e  e n c l o s i n g  t h e  plumule  emerges 
ahead o f  t h e  c o l e o r h i z a .  Mescotyl  and c o l e o p t i l e  e l o n g a t i o n  a r e  no t  as 
c r i t i c a l  in  s e e d l i n g  e s t a b l i s h m e n t  in  w a t e r - s e e d e d  r i c e .
Another  a dvan tage  o f  w a t e r - s e e d e d  r i c e  ov e r  d r y - s e e d e d  r i c e  became 
a p p a re n t  w i th  t h e  r e l e a s e  o f  semidwarf  r i c e  c u l t i v a r s .  The semidwarf
c u l t i v a r s  a r e  s h o r t  in s t a t u r e ,  have s h o r t e r  and more u p r i g h t  l e a v e s ,
g r e a t e r  n i t r o g e n  r e s p o n s i v e n e s s ,  g r e a t e r  lodg ing  r e s i s t a n c e ,  and h i g h e r  
g r a i n  y i e l d s  when compared t o  c o n v e n t io n a l  r i c e  c u l t i v a r s .  However, poor  
s t a n d  e s t a b l i s h m e n t  i s  f r e q u e n t l y  a s s o c i a t e d  wi th  d r i l l - s e e d e d  semidwarf  
r i c e  c u l t i v a r s .  Th i s  i s  l a r g e l y  a t t r i b u t a b l e  t o  s h o r t  mescotyl  l en g th s  
which f a i l  t o  push t h e  c o l e o p t i l e  th rough  t h e  s o i l  (Turner  e t  a l . ,  1982).
The s eed ing  o f  r i c e  in  w a te r  was s t a r t e d  in C a l i f o r n i a  as a way t o  
c o n t r o l  ba rnya rd  g r a s s .  At f i r s t  r i c e  was sown w i th  a t r a c t o r - d r a w n  
e n d g a te  b r o a d c a s t  s eeded ,  b u t  t h i s  method was no t  ve ry  s a t i s f a c t o r y .
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A i r p l a n e  s eed ing  was a t t e m p te d  f i r s t  nea r  Merced, C a l i f o r n i a ,  i n  1929, 
f o r  r e s e e d in g  a f i e l d  o f  r i c e .  A f a i r  s t a n d  of  r i c e  and a s a t i s f a c t o r y  
y i e l d  was o b ta in e d .  S e v e r a l  growers  in C a l i f o r n i a  seeded  t h e i r  r i c e  from 
an a i r p l a n e  in 1930. Now a i r p l a n e  seed ing  i s  t h e  common p r a c t i c e  on 
C a l i f o r n i a  r i c e  farms.
The usua l  p r a c t i c e  in  C a l i f o r n i a  i s  t o  soak t h e  seed f o r  18 t o  24
h o u r s ,  d r a i n  t h e  seed f o r  24 t o  48 h o u r s ,  and seed by a i r p l a n e  i n t o
f i e l d s  t h a t  have j u s t  been f looded  t o  a depth  o f  7 t o  15 c e n t i m e t e r s .  
Seed r i c e  w i l l  a bso rb  t h e  maximum amount o f  w a te r  in  18 t o  24 hours .  
Fung ic id e  seed p r o t e c t a n t  i s  a p p l i e d  as a s l u r r y  b e f o r e  soaking .  Soaked 
seed i s  used i n s t e a d  o f  d ry  seed .  Soaking s t a r t s  t h e  g e rm ina t ion  p ro c e s s  
b e f o r e  seed ing.  More im p o r ta n t ,  because  t h e  soaked seed i s  heavy,  t h e  
seed s in k s  i n t o  p l a c e  when i t  h i t s  t h e  w a te r .  Thus t h e  seed does no t  
d r i f t  and unseeded a r e a s  a r e  no t  l e f t  i n  t h e  f i e l d .  F i e l d s  remain 
c o n t i n u o u s ly  f lo o d e d  u n t i l  h a r v e s t  (Johnson and M i l l e r ,  1973).
Hal l  (1960)  d e s c r i b e d  t h e  w a te r  s eed ing  method used in Arkansas  as 
f o l l o w s :  The land  i s  l e v e l e d  and a d i s k  harrow i s  used t o  p r e p a r e  t h e
seedbed.  On t h e  l a s t  t r i p  over  t h e  f i e l d  a s p r i n g - t o o t h  harrow f o l lo w s
t h e  d i s k  so t h a t  prominent harrow marks a r e  l e f t  in  t h e  seedbed.  These
marks w i l l  c a tc h  t h e  seed  and reduce  d r i f t  o f  seeds  g iv in g  t h e  f i e l d  t h e  
appearance  o f  a d r i l l  seeded  f i e l d .  The f i e l d  s hou ld  be f lo o d e d  as 
r a p i d l y  as  p o s s i b l e  and covered  wi th  7 t o  15 c e n t i m e t e r s  o f  water .  The 
f i e l d  shou ld  be seeded immediate ly  a f t e r  t h e  10 t o  15 c e n t i m e t e r s  dep th  
o f  w a t e r  i s  o b t a i n e d .  P r e s o a k i n g  t h e  s e e d  s h o w e d  no s i g n i f i c a n t  
d i f f e r e n c e  from se ed in g  w i th  dry seed .  However, i t  was p o in te d  o u t  t h a t  
p resoaked  seed  w i l l  no t  f l o a t  on t h e  w a te r  as  do d ry  seed.
Fa u lk n e r  (1960)  compared d i f f e r e n t  p r a c t i c e s  f o r  w a t e r - s e e d i n g  r i c e
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In  Lou is iana .  These i n c lu d e d  (1)  p rege rm ina te d  seed  compared wi th  dry 
seed  ( 2 ) c loddy seedbed compared wi th  seedbed t h a t  had been smoothed in 
w a t e r ,  and (3)  d r a i n i n g  i r r i g a t i o n  w a t e r  3 t o  5 days a f t e r  s e ed in g  
compared w i th  l e a v in g  a f u l l  f l o o d  o f  w a t e r  and a l low ing  t h e  r i c e  t o  
emerge th rough t h e  wate r .
Fa u lk n e r  r e p o r t e d  s l i g h t l y  h i g h e r  g r a i n  y i e l d s  when t h e  seed  was 
soaked t o  p r e g e r m in a te  i t  b e f o r e  s eed ing  in  w a t e r .  He found t h a t  a small  
p e r c e n ta g e  o f  t h e  d ry  seed f l o a t e d  in t h e  w a te r  and s e t t l e d  in low s p o t s ,  
whereas t h e  p rege rm ina te d  seed  remained wel l  in p l a c e  on both t h e  c loddy 
and smooth seedbeds.  However, Fa u lk n e r  p o i n t e d  ou t  t h a t  p r eg e rm in a t in g  
seed  r e q u i r e s  a d d i t i o n a l  l a b o r  and expense  and a l s o  r e q u i r e s  a s h o r t  
i n t e r v a l  between g e rm in a t io n  and seeding.
Fau lkner  found t h a t  t h e  average  y i e l d  o f  rough r i c e  produced from 
t h e  smooth o r  t h e  rough seedbeds was a pp rox im ate ly  t h e  same. However, 
t h e r e  were some i n d i c a t i o n s  t h a t  t h e  working o f  t h e  s o i l  in  w a te r  reduced  
t h e  g e r m i n a t i o n  o f  g r a s s  s e e d  a n d  t h e r e b y  r e d u c e d  t h e  r e s u l t i n g  
c o m p e t i t i o n .  He a l s o  found t h a t  s o i l s  t h a t  were worked in  t h e  w a te r  
d r i e d  more q u i c k l y  when t h e  w a te r  was d r a i n e d  and caused t h e  to p  one 
c e n t i m e t e r  o f  s o i l  t o  c u r l ,  t h e r e b y  p u l l i n g  t h e  young s e e d l i n g s  from 
t h e i r  r o o t  anchorage.
I n  1959  F a u l k n e r  f o u n d  t h a t  g o o d  s t a n d s  o f  r i c e ,  a l o n g  w i t h  
e x c e l l e n t  c o n t r o l  o f  red r i c e  and g r a s s e s ,  cou ld  be o b t a i n e d  by l eav ing  a 
f u l l  f l o o d  o f  w a te r  on t h e  f i e l d  u n t i l  t h e  r i c e  had emerged th rough  t h e  
w a t e r  and was s t r o n g  enough t o  s t a n d  f r e e  i n  t h e  w a te r .  The y i e l d  
r e s u l t s  i n d i c a t e d  t h a t  abou t  f i v e  hundred s i x t y  k i lograms more r i c e  p e r  
h e c t a r e  was produced where t h e  w a te r  was a l lowed  t o  remain on t h e  f i e l d  
t h a n  where i t  was d r a i n e d  a few days a f t e r  seed ing .
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Mengel and Leonards (1978) s t u d i e d  t h e  e f f e c t s  o f  w a te r  management 
and N-t iming on t h e  y i e l d  and q u a l i t y  o f  w a te r - s e e d e d  r i c e .  The r e s e a r c h  
invo lved  a comparison o f  t h r e e  w a t e r - s e e d i n g  systems in Lou is iana .  These 
were ( 1 ) c o n v e n t i o n a l  w a t e r - s e e d i n g  where t h e  w a te r  was r e l e a s e d  two days 
a f t e r  f l o o d i n g  and remained dry t w e n t y - s i x  days u n t i l  a permanent  f lo o d  
was a p p l i e d .  ( 2 ) p i n p o i n t  f l o o d  system where t h e  w a te r  was r e l e a s e d  from 
t h e  p l o t s  two days a f t e r  s eed ing  bu t  a sha l low f l o o d  was r e - e s t a b l i s h e d  
f o u r  days l a t e r  wi th  t h e  dep th  o f  w a te r  g r a d u a l l y  i n c r e a s e d  as t h e  r i c e  
de ve loped  and (3)  c o n t i n u o u s  f lo o d  system where t h e  f l o o d  was m ain ta ined  
f r o m  p l a n t i n g  t o  h a r v e s t .  The  w a t e r - s e e d i n g  s y s t e m  u s e d  ha d  a 
s i g n i f i c a n t  e f f e c t  on y i e l d .  Both t h e  con t in u o u s  f l o o d  and p i n - p o i n t  
f l o o d  systems  proved s u p e r i o r  t o  t h e  c o n v e n t io n a l  sys tems.  However i t  
was p o i n t e d  o u t  t h a t  s t a n d  t h i n n i n g  due t o  b i r d  damage may have been t h e  
rea son  f o r  t h e  lower y i e l d s  in t h e  c o n v e n t io n a l  w a t e r - s e e d i n g  system. In 
t h i s  s tu d y ,  N t im in g  had a s i g n i f i c a n t  e f f e c t  on p l a n t  h e i g h t  and lodging 
however ,  no e f f e c t  on y i e l d  was observed .
P r o p e r  f e r t i l i z e r  N management i s  e s s e n t i a l  f o r  high r i c e  y i e l d s .  
No o t h e r  p l a n t  n u t r i e n t  has such a d i r e c t  b e a r i n g  on r i c e  g r a i n  y i e l d s  o r  
i s  s u b j e c t e d  t o  such a wide v a r i e t y  o f  b i o l o g i c a l ,  c he m ica l ,  and p h y s ic a l  
r e a c t i o n s .  C a r e fu l  N management i s  e x t r e m e ly  i m p o r ta n t  s i n c e  both 
d e f i c i e n c i e s  and e x c e s s  i n f l u e n c e  p l a n t  growth,  g r a i n  y i e l d ,  and q u a l i t y  
( P a t r i c k  and M ik ke lsen ,  1971).
The most  e f f e c t i v e  t im e  and method o f  N a p p l i c a t i o n ,  however,  a r e  
n o t  g e n e r a l l y  ag re e d  upon. Since  r i c e  i s  grown by s e v e r a l  methods ,  N 
f e r t i l i z e r  management must  b r i n g  i n t o  c o n s i d e r a t i o n  d i f f e r e n c e s  in  
c u l t i v a r  b e h a v i o r ,  c l i m a t i c  c o n d i t i o n s ,  s o i l  c h a r a c t e r i s t i c s ,  a n d  
management p r a c t i c e s  (Broadven t  and Mikkelsen ,  1968).
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Growth o f  r i c e  p l a n t s  can be d iv id e d  i n t o  t h r e e  s t a g e s  of  deve lop ­
ment:  (1)  The v e g e t a t i v e  s t a g e ;  (2)  The r e p r o d u c t i v e  s t a g e ,  and (3) The
g r a i n  f i l l i n g  and r i p e n i n g  o r  m a t u r a t i o n  s t a g e .  These deve lopm enta l  
s t a g e s  i n f l u e n c e  t h e  t h r e e  components o f  y i e l d :  t h e  number o f  p a n i c l e s
p e r  u n i t  o f  land a r e a ;  t h e  a ve rage  number o f  g r a i n s  produced p e r  p a n i c l e ;  
and t h e  average  we igh t  o f  t h e  i n d i v i d u a l  g r a i n .  The combina t ion  o f  t h e s e  
components de te rm ine s  g r a i n  y i e l d .  Each y i e l d  component i s  de te rmined  a t  
a p a r t i c u l a r  s t a g e  in  t h e  p l a n t ' s  l i f e .  The f i r s t  corrponent o f  y i e l d ,  
p a n i c l e s  p e r  u n i t  o f  land  a r e a ,  i s  e s t a b l i s h e d  d u r in g  t h e  v e g e t a t i v e
s t a g e  (g e r m in a t io n  o f  t h e  seed  t o  p a n i c l e  d i f f e r e n t i a t i o n )  o f  p l a n t
development .  During t h e  v e g e t a t i v e  p e r i o d ,  c u l t i v a r s ,  c u l t u r a l  manage­
men t ,  and env ironment  p lay  a c r i t i c a l  r o l e  in  de te rm in in g  t h e  number o f  
p l a n t s  p e r  h e c t a r e  and t h e  number o f  t i l l e r s  t h e s e  p l a n t s  w i l l  produce.
The r e p r o d u c t i v e  s t a g e  o f  r i c e  i s  d e f i n e d  as  t h e  p e r io d  beg inn ing
wi th  p a n i c l e  d i f f e r e n t i a t i o n  and end ing  when f i f t y  p e r c e n t  o f  t h e  f l o r e t s  
have p o l l i n a t e d .  P l a n t  growth and development  du r in g  t h e  r e p r o d u c t i v e  
s t a g e  i n f l u e n c e  t h e  second  y i e l d  component ( t h e  number o f  g r a i n s  pe r  
p a n i c l e ) .  Envi ronmental  and c u l t u r a l  c o n d i t i o n s  d u r i n g  t h i s  p e r i o d  
i n f l u e n c e  y i e l d  p o t e n t i a l s  in  two ways: ( 1 ) c o n d i t i o n s  du r ing  p a n i c l e
development  i n f l u e n c e  bud f o rm a t i o n  t h e r e b y  d e t e r m i n in g  t h e  number o f  
f l o r e t s  p e r  p a n i c l e  and ( 2 ) c o n d i t i o n s  du r ing  t h e  head ing and f lo w er in g  
s t a g e s  i n f l u e n c e  p o l l i n a t i o n  and g r a i n  development .  The number o f  
f l o r e t s  produced on each p a n i c l e  m u l t i p l i e d  by t h e  p e rc e n ta g e  o f  f l o r e t s  
f e r t i l i z e d  i s  t h e  number o f  p o t e n t i a l  g r a i n s  p e r  p a n i c l e .
The l a s t  development  s t a g e  o f  t h e  r i c e  p l a n t  i s  t h e  g r a i n  f i l l i n g  
and m a t u r a t i o n  s t a g e .  Th is  b e g in s  when f i f t y  p e r c e n t  o f  t h e  p a n i c l e s  
have emerged th rough  t h e  l e a f  s hea th  o f  t h e  f l a g  l e a f  and ends when g r a i n
15
m o is t u r e  o f  a f i e l d  i s  abou t  twenty  one p e r  c e n t .  C o n d i t io n s  du r in g  t h i s  
s t a g e  o f  development  l a r g e l y  de te rm ine  t h e  l a s t  y i e l d  component , ave rage  
g r a i n  we igh t  ( S t a n s e l ,  1975).
A l o g i c a l  a p p r o a c h  t o  p r o p e r  t i m i n g  o f  N a p p l i c a t i o n s  i s  t o  
d e t e r m i n e  when p l a n t  g r o w t h  a nd  y i e l d  a r e  m o s t  e f f e c t i v e l y  a n d  
e f f i c i e n t l y  i n f l u e n c e d .  Matsushima (1964)  and P a t r i c k  and Mikkelsen  
(1971)  have i d e n t i f i e d  f o u r  s t a g e s  o f  p l a n t  deve lopment  when y i e l d  
components a re  f a v o r a b l y  in f lu e n c e d .  These i n c lu d e  t h e  f o l l o w in g :  (1)
b a s a l  a p p l i c a t i o n  o f  N f e r t i l i z e r  and N f e r t i l i z e r  a p p l i e d  a t  t h e  mid- 
t i l  l e r i n g  s t a g e  w i l l  i n c r e a s e  t h e  number o f  p a n i c l e s  p e r  u n i t  a rea  of  
l a n d ;  (2 )  N f e r t i l i z e r  a p p l i e d  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  
s t i m u l a t e s  a d d i t i o n a l  f l o r e t s  t o  deve lo p ,  t h e r e b y  i n c r e a s i n g  t h e  nurrtoer 
o f  p o t e n t i a l  g r a i n s  p e r  p a n i c l e ;  (3) N f e r t i l i z e r  may be a p p l i e d  du r ing  
t h e  r e d u c t i o n - d i v i s i o n  s t a g e  which o c c u r s  8 - 1 0  days  a f t e r  p a n i c l e  
d i f f e r e n t i a t i o n  t o  p r e v e n t  t h e  d e g e n e r a t i o n  o f  s p i k e l e t s  and t o  e n l a r g e  
t h e  s i z e  o f  t h e  h u l l s ;  (4)  t o  i n c r e a s e  t h e  p e r c e n ta g e  o f  r ip e n e d  g r a i n s  
and encourage  t h e  development  o f  t h e  c a r y o p s i s ,  t h e  r i c e  p l a n t  shou ld  no t  
l a c k  N f e r t i l i z e r  d u r in g  t h e  r i p e n i n g  pe r io d .  T o p - d r e s s in g  N f e r t i l i z e r s  
a t  f u l l  heading  t im e  i s  o f t e n  e f f e c t i v e .
Tanaka and Navasero (1964) s t u d i e d  t h e  r e l a t i o n  between y i e l d  
components and N a p p l i c a t i o n .  They found t h a t  v a r i e t a l  d i f f e r e n c e  in N 
r e s p o n s e  p lays  an im p o r ta n t  r o l e  and t h a t  t h e  most prominent  d i f f e r e n c e  
between low and h igh  N r e s p o n s e  v a r i e t i e s  was t h e  d i f f e r e n c e  i n  t h e  
r e s p o n s e  o f  p a n i c l e  nuntoer. Low N r e s p o n s e  v a r i e t i e s  showed a l im i t e d  o r  
n e g l i g i b l e  i n c r e a s e  in  t h e  p a n i c l e  n u m b e r ,  w h e r e a s  h i g h  r e s p o n s e  
v a r i e t i e s  e x h i b i t e d  a l a r g e  i n c r e a s e  wi th  an i n c r e a s e  in N a p p l i c a t i o n .  
Koyma and Niamsrichand (1973)  s t u d i e d  t h e  e f f e c t s  o f  y i e l d  components a t
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d i f f e r e n t  l e v e l s  o f  N. In t h e i r  r e s e a r c h  th e y  found t h a t  t h e  number of
p a n i c l e s / m " ^  was i n c r e a s e d  wi th  r a t e s  o f  N up t o  112 kg /ha .  The number
o f  f l o r e t s  p e r  p a n i c l e  was i n c r e a s e d  wi th  i n c r e a s i n g  r a t e s  o f  N up to
93 kg /ha and no i n c r e a s e  o c c u r r e d  a t  N l e v e l s  beyond t h a t  r a t e .  The
r e s e a r c h e r s  found no c l o s e  r e l a t i o n  between t h e  p e r c e n ta g e  o f  r ip e n e d
g r a i n s  and t h e  N r a t e ,  bu t  t h e  p e rc e n ta g e  showed a d e c r e a s in g  t r e n d  with
in c r e a s e d  N. The w e igh t  o f  1000 g r a i n s  d id  no t  va ry  w i th  t h e  change in N
r a t e .  The y i e l d s  o f  r i c e  i n c r e a s e d  wi th  i n c r e a s i n g  r a t e s  o f  N rea c h in g
maximum y i e l d  a t  a r a t e  o f  93 kg/ha. The y i e l d  i n c r e a s e  was ob ta in e d
from an i n c r e a s e  in t h e  number o f  f l o r e t s / m  . Reddy and P rasad  (1974)
f o u n d  t h a t  N a p p l i c a t i o n s  s i g n i f i c a n t l y  i n c r e a s e d  p l a n t  h e i g h t ,  
-2p a n i c l e s / m  , p a n i c l e  w e i g h t ,  and number o f  f l o r e t s .  The on ly  p a n i c l e  
c h a r a c t e r  which was a d v e r s e l y  a f f e c t e d  by N a p p l i c a t i o n  was t h e  number o f  
s t e r i l e  f l o r e t s  p e r  p a n i c l e .  The r e s e a r c h e r s  p o s t u l a t e d  t h a t  wi th  more 
p a n i c l e s  p e r  u n i t  a r e a  a s s o c i a t e d  wi th  a high  r a t e  o f  N a p p l i c a t i o n ,  t h e  
c o m p e t i t io n  f o r  l i g h t  i n c r e a s e d  and t h i s  may have lowered t h e  r a t e  o f  
p h o t o s y n t h e s i s .
P a t r i c k  and Mikkelsen  (1971)  o u t l i n e d  f o u r  g e n e r a l  f e r t i l i z e r  
p r a c t i c e s  which meet  mos t  r e q u i r e m e n ts  f o r  a p p r o p r i a t e  t im in g  o f  N 
d e p e n d i n g  u p o n  p l a n t  c u l t i v a r  c h r a c t e r i s t i c s  a n d  e n v i r o n m e n t a l  
c o n d i t i o n s .  These i n c l u d e  t h e  f o l l o w i n g :  a s i n g l e  a p p l i c a t i o n  o f  N
a p p l i e d  p r e p l a n t  o r  a t  t h e  t im e  o f  seed ing ;  a s i n g l e  t o p  d r e s s i n g  a p p l i e d  
a f t e r  s e e d i n g  o r  a t  t h e  e n d  o f  t h e  a c t i v e  t i l l e r i n g  s t a g e ;  s p l i t  
a p p l i c a t i o n s  o f  N, o n e - h a l f  t o  t w o - t h i r d s  o f  t h e  N a s  a b a s a l  a p p l i c a t i o n  
and one t o p  d r e s s  a p p l i c a t i o n  d u r in g  t h e  t i l l e r i n g  s t a g e  o r  p a n i c l e  
i n i t i a t i o n  s t a g e  su p p ly in g  t h e  b a la n c e ;  m u l t i p l e  a p p l i c a t i o n s  o f  N wi th  
up t o  o n e - h a l f  a p p l i e d  as a b a s a l  a p p l i c a t i o n  and t h e  r em a inde r  as  top
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d r e s s i n g s  e i t h e r  du r ing  p a n i c l e  i n i t i a t i o n ,  o r  a t  t h e  r e d u c t io n  d i v i s i o n  
s t a g e ,  o r  du r in g  t h e  heading  s t a g e .
Mikkelsen and F i n f r o c k  (1957)  found t h a t  d r i l l e d  placement  o f  NH^-N 
produced b e t t e r  growth and y i e l d s  o f  lowland r i c e  t h a n  a p p l i e d  on t h e  
s o i l  s u r f a c e ,  b r o a d c a s t  i n  t h e  w a te r  a f t e r  f l o o d i n g  and s e e d in g ,  o r  
a p p l i e d  on t h e  s o i l  s u r f a c e  an d  m i x e d  by d i s k i n g  i n t o  t h e  t o p  1 0  
c e n t i m e t e r s  o f  s o i l  b e f o r e  f lo o d in g .  P a t n a i k  and Broadben t  (1967)  used 
N1 5  t a g g e d  ( N H ^ S O ^  t o  e v a l u a t e  t h e  e f f i c i e n c y  o f  N f e r t i l i z e r  
a p p l i c a t i o n s  t o  r i c e .  Two t h i r d s  o f  t h e  ba sa l  r a t e  a t  p l a n t i n g  fo l lowed  
by one t h i r d  t o p  d r e s s e d  a t  boot  s t a g e  r e s u l t e d  in  t h e  h i g h e s t  r ecove ry  
o f  f e r t i l i z e r  N a s  compared t o  t h e  f u l l  r a t e  a t  p l a n t i n g  o r  t o p - d r e s s i n g  
a t  t h e  t i l l e r i n g  s t a g e .  Sims and P l a c e  (1968)  s t a t e d  t h a t  r i c e  t o p -  
d r e s s e d  wi th  N a t  midseason produces g r a i n  y i e l d s  t h a t  a r e  comparable  t o  
t h o s e  r e s u l t i n g  from p r e p l a n t  N p laced  10 t o  15 cm i n t o  t h e  s o i l .  Hal l  
e t  a l .  (1968) used  f i e l d  grown r i c e  p l a n t  clum e lo n g a t i o n  as  a b a s i s  f o r  
t h e  optimum t im e  t o  app ly  N t o p - d r e s s e d  f o r  h i g h e s t  g r a i n  y i e l d .  The 
number o f  days a f t e r  s e e d l i n g  emergence has been used as  a b a s i c  f o r  
midseason  N a p p l i c a t i o n .  Th is  method has l i m i t a t i o n s  s i n c e  t e m p e r a t u r e ,  
s o i l  f e r t i l i t y ,  and w a t e r  management cause  v a r i a t i o n s  in  t h e  r a t e  o f  
p l a n t  growth and development .  I t  has  been no ted  t h a t  y e a r  t o  y e a r  
v a r i a t i o n  in  i n t e r n o d e  e l o n g a t i o n  emphasize t h e  importance  o f  having  a 
p l a n t  i n d i c a t o r  t o  de te rm ine  t h e  t im e  f o r  t o p - d r e s s i n g  N.
P a t r i c k  and Reddy (1976)  u s in g  N1 5  found t h a t  r e g a r d l e s s  o f  t im e  and
method o f  a p p l i c a t i o n ,  deep p lacem en t ,  e a r l y  i n  t h e  s e a s o n ,  o r  a t
midseason ,  more n a t i v e  N was t ake n  up by t h e  r i c e  p l a n t  as  compared t o
15t h e  check p l o t  where no N was a p p l i e d .  The r e s u l t s  o f  t h i s  s tudy  a l s o  
i n d i c a t e d  t h a t  t h e  r i c e  p l a n t  l a r g e l y  u t i l i z e d  f e r t i l i z e r  N d u r in g  t h e
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e a r l y  growth p e r i o d  wi th  r e l a t i v e l y  l e s s  coming from n a t i v e  s o i l  N, w h i l e  
du r in g  t h e  l a t t e r  p a r t  o f  t h e  growth p e r i o d ,  s o i l  N was t h e  major  so u rc e  
o f  N  f o r  t h e  p l a n t  wi th  l i t t l e  f e r t i l i z e r  N  uptake.
Sho j i  e t  a l .  (1974) showed t h a t  b a s a l  N a p p l i c a t i o n s  were u t i l i z e d  
by t h e  r i c e  p l a n t  much l e s s  than  s o i l  N. However, i t  was shown t h a t  
b a s a l  N p layed  an im p o r ta n t  r o l e  in t h e  r a p i d  e s t a b l i s h m e n t  and growth o f  
s e e d l i n g s .  On t h e  o t h e r  hand,  s o i l  N was a l s o  o f  g r e a t  importance  f o r  
growing r i c e  l a t e  in  t h e  growing s e a s o n ,  even when much N in f e r t i l i z e r  
forms was used. Th i s  a g re e s  wi th  P a t r i c k  e t  a l .  (1974) u s in g  N  t h a t  
f e r t i l i z e r  N pl ayed  a g r e a t e r  r o l e  in  N  n u t r i t i o n  o f  t h e  r i c e  c rop  d u r in g  
t h e  f i r s t  p a r t  o f  t h e  s eason  wi th  as much as  t h r e e - f o u r t h s  o f  t o t a l  p l a n t  
N  being d e r i v e d  from f e r t i l i z e r  N  e a r l y  in  t h e  growing season  d e c r e a s in g  
t o  as l i t t l e  as  one f i f t h  a t  t h e  end o f  t h e  season.
Wilson e t  a l .  (1979)  compared p r e p l a n t  ( b a s a l )  N r a t e s  t o  s p l i t  
a p p l i c a t i o n  o f  N .  T h e i r  r e s e a r c h  showed t h a t  s p l i t  a p p l i c a t i o n s  o f  N 
were on ly  e f f e c t i v e  in maximizing y i e l d s  when p r e p l a n t  N  r a t e s  were g r e a t  
e n o u g h  t o  p r o m o t e  g o o d  v e g e t a t i v e  g r o w t h  an d  d e v e l o p m e n t .  S p l i t  
a p p l i c a t i o n s  o f  N  d i d  n o t  i n c r e a s e  y i e l d  above t h a t  o f  t h e  optimum 
p r e p l a n t  r a t e  e x c e p t  when e x c e s s i v e  N r a t e s  were a p p l i e d .  N i t roge n  
d e f i c i e n c y  d u r in g  t h e  v e g e t a t i v e  phase  g r e a t l y  d e c re a s e d  g r a i n  y i e l d s  
even though r a t h e r  h igh  r a t e s  o f  N were t o p d r e s s e d  a t  t h e  p a n i c l e  
i n i t i a t i o n  (g reen  r i n g )  s t a g e .
Brandon e t  a l .  (1980a)  i l l u s t r a t e d  t h e  impor tance  o f  c u l t u r a l  
management in  a s tu d y  o f  t im in g  o f  b a s a l  N in r e l a t i o n  t o  permanent  f l o o d  
o f  d r i l l - s e e d e d  r i c e .  T h e i r  r e s e a r c h  i n d i c a t e d  t h a t  b a s a l  p r e f l o o d  
a p p l i c a t i o n s  o f  urea-N on t h e  s o i l  s u r f a c e  r e s u l t e d  in  more e f f i c i e n t  
p l a n t  u t i l i z a t i o n  o f  N f e r t i l i z e r  by d r i l l - s e e d e d  r i c e  t h a n  p o s t f l o o d
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a p p l i c a t i o n s .  S u r f a c e - p r e f l o o d  a p p l i c a t i o n s  i n c r e a s e d  p l a n t  h e i g h t ,
t o t a l  N in t h e  Y - l e a v e s ,  and g r a i n  y i e l d  when compared t o  p o s t f l o o d  u r e a -  
N a p p l i c a t i o n  i n t o  t h e  f lo o d e d  f i e l d .  The r e s e a r c h e r s  surronarized t h a t  
t h e  i n f i l t r a t i o n  and p e r c o l a t i o n  o f  t h e  w e t t i n g  f r o n t  o f  t h e  permanent  
f l o o d  a n d / o r  r a i n f a l l  moved urea-N i n t o  t h e  s o i l  where i t  remained 
a v a i l a b l e  t o  r i c e  as  NH^-N. I t  was s p e c u l a t e d  t h a t  most  o f  t h e  p o s t f l o o d  
urea-N was p r o b a b ly  l o s t  by v o l a t i l i z a t i o n  and d e n i t r i f i c a t i o n .  Th is  
r e s u l t e d  in s e v e r e l y  N d e f i c i e n t  r i c e .
Downey and Wells  (1975) used  t h e  growing degree  day concep t  as a 
method o f  s tu d y i n g  p l a n t - t e m p e r a t u r e  r e l a t i o n s h i p s  i n  r i c e  by t h e  
a c c u m u l a t i o n  o f  d a i l y  m ea n  t e m p e r a t u r e s  above s p e c i f i e d  t h r e s h o l d  
t e m p e r a t u r e s .  Since  t h e  r a t e  o f  development  o f  t h e  r i c e  p l a n t  i s  in part -*  
a f u n c t i o n  o f  i t s  e n v i r o n m e n t ,  t h e  r e s e a r c h e r s  p o s t u l a t e d  t h a t  a 
m e t e o r o l o g i c a l  index  cou ld  be used  t o  p r e d i c t  t h e  d e s i r e d  s t a g e  o f  
d e v e l o p m e n t  o f  t h e  r i c e  p l a n t  when N a p p l i c a t i o n s  w o u l d  b e  m o s t  
e f f e c t i v e .  F i f t y  deg rees  f a h r e n h e i t  was used as a base  t e m p e ra t u re  and 
was s u b t r a c t e d  from t h e  d a i l y  mean t e m p e ra tu re .  Th i s  c a l c u l a t i o n  was 
made f o r  each day wi th  a cu m u la t iv e  t o t a l  o f  growing degree  days be ing  
made f o r  t h e  e n t i r e  growing season .  The growing degree  day accumula t ion  
u s i n g  f i f t y  d e g r e e s  f a h r e n h e i t  a s  a b a s e  was r e f e r r e d  t o  a s  DD50. 
C onc lu s ions  drawn from t h e i r  s t u d y  i n d i c a t e d  t h a t  maximum y i e l d  was 
o b t a i n e d  when midseason  N a p p l i c a t i o n s  were made a t  an i n t e r n o d e  l e ng th  
o f  6 mm, and a t  an accum ula t ion  o f  1,670 DD50 u n i t s  f o r  S t a r b o n n e t  r i c e .
S in c e  r e s e a r c h  has  shown t h a t  r i c e  p l a n t s  u t i l i z e  f e r t i l i z e r  N 
d u r in g  e a r l y  growth w h i le  s o i l  N i s s u e d  as t h e  sou rce  o f  N l a t e r  in t h e  
s e ason  (Reddy and P a t r i c k ,  1976) ,  ( P a t r i c k  and Reddy, 1976) ,  f o l i a r  
f e r t i l i z a t i o n  o f  r i c e  l a t e r  in t h e  season  has been p o s t u l a t e d  as means of
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s u p p ly ing  N when s o i l  N may no t  be adequa te  t o  meet t h e  r i c e  p l a n t s  
needs .  Wells and Shockley  (1978) r e p o r t e d  t h a t  u rea  a t  45 kg/ha o f  N 
a p p l i e d  t o  t h e  f o l i a g e  a t  l a t e  boo t  s i g n i f i c a n t l y  i n c r e a s e d  y i e l d s  and 
p r o t e i n g  in  brown r i c e  ov e r  a t o t a l  s o i l  a p p l i c a t i o n  o f  134 kg/ha o f  N, 
o n e - n a i f  a t  e a r l y  s e ason  and o n e - h a l f  s p l i t  on a 14-day i n t e r v a l  a t  
p a n i c l e  i n i t i a t i o n .  Thom e t  a l .  (1981)  a l s o  s t u d i e d  t h e  e f f e c t s  o f  
f o l i a r  f e r t i l i z a t i o n  o f  r i c e  a f t e r  midseason.  T h e i r  r e s u l t s  i n d i c a t e d  
t h a t  f o l i a r  f e r t i l i z a t i o n  o f  r i c e  wi th  s o l u t i o n s  high in  N a t  o r  a f t e r  
p a n i c l e  i n i t i a t i o n  can i n c r e a s e  y i e l d s  ov e r  s o i l  a p p l i e d  N. A s p l i t -  
f o l i a r  a p p l i c a t i o n  ( p a n i c l e  i n i t i a t i o n ,  m id -boo t )  can i n c r e a s e  y i e l d s  and 
N c o n c e n t r a t i o n  in brown r i c e .
Wilson e t  a l .  (1979) s t a t e d  t h a t  r i c e - p l a n t  a n a l y s i s  t h a t  a s say  t h e  
N s t a t u s  o f  r i c e  du r in g  t h e  season may be a v a l u a b l e  t o o l  f o r  d e te r m in in g  
t h e  N f e r t i l i z e r  r e q u i r e m e n ts  o f  t h e  growing crop.  T i s s u e  a n a l y s i s  may 
i n d i c a t e  when, and i f ,  supp lem en ta l  N i s  needed in  r i c e  f o r  optimum g r a i n  
y i e l d .  Research conducted  In C a l i f o r n i a  and L o u i s i a n a  i n d i c a t e s  t h a t  t h e  
N c o n c e n t r a t i o n  i n  t h e  m o s t  r e c e n t l y  m a t u r e  l e a f  ( Y - l e a f )  a t  t h e  
i n i t i a t i o n  o f  i n t e r n o d e  e l o n g a t i o n  must  be in  t h e  range  o f  2 . 8  t o  3 . 5  
p e r c e n t  f o r  maximum y i e l d ,  depend ing upon v a r i e t y  and growth s t a g e .
One p o s s i b l e  drawback t o  t h e  p l a n t  a n a l y s i s  approach t o  a ssay  t h e  N 
s t a t u s  o f  r i c e  d u r in g  t h e  growing season  cou ld  be t h e  t ime  r equ i r em e n t  
f rom sampl ing  t o  chemical  a n a l y s i s .  Hafez and Mikkelsen  (1980)  found 
t h a t  orange-G,  a d i s u l f o n i c  a c i d  t y p e  dye ,  p rov ide d  a r a p i d ,  s im p le ,  
q u a n t i t a t i v e  method t o  measure t h e  N s t a t u s  o f  r i c e  p l a n t .  There was no 
s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  one p e r c e n t  l e v e l  o f  p r o b a b i l i t y  between 
t h e  mean v a lu e s  o f  t h e  orange-G dye and t h e  K j e ld a h l  methods f o r  N d e t e r -  
m i n i a t i o n s .  The s t a n d a r d  d e v i a t i o n  between t h e  two methods was + 0. 2% in
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a N range  o f  1.75 t o  5.34% N. Thus us ing t h e  orange-G dye t o  a s c e r t a i n  
t h e  N s t a t u s  o f  t h e  r i c e  p l a n t  du r in g  t h e  growing season  p r o v id e s  a r a p i d  
method f o r  de te rm in in g  i f  supplementa l  N i s  needed.
Ni t rogen  up take  d u r in g  t h e  growing season  g e n e r a l l y  p a r a l l e l s  d ry  
m a t t e r  p r o d u c t io n  (Sims and P l a c e ,  1968) w i th  most s t u d i e s  showing t h a t  
more t h a n  o n e - h a l f  o f  t h e  N u p take  o c c u r s  a f t e r  p a n i c l e  i n i t a t i o n ,  
i r r e s p e c t i v e  o f  t h e  f e r t i l i z e r  p r a c t i c e  (Sims and P l a c e ,  1968);  (Wells 
and Shockley ,  1975). Values f o r  N up take  f o r  t h e  e n t i r e  growing season 
va ry  from 43.4 kg N/ha (Reddy and P a t r i c k ,  1976) t o  231 kg N/ha (Racho 
and DeDatta ,  1968) .  While t h e  t o t a l  N t a k e n  up does r e f l e c t  t h e  r e l a t i v e  
a v a i l a b i l i t y  o f  N o v e r  t h e  growing season i t  does no t  r e f l e c t  N up take  
p a - t t e r n s  a n d  N u s e  by t h e  c r o p  f o r  g r a i n  p r o d u c t i o n .  N u p t a k e  i s  
dependent  upon t h e  a v a i l a b i l i t y  o f  s o i l  N and f e r t i l i z e r  N. One method 
t o  d i f f e r e n t i a t e  between t h e  two s ou rc e s  o f  N i s  t h e  d i f f e r e n c e  method. 
T h e  d i f f e r e n c e  m e t h o d  a s s u m e s  s o i l  N u p t a k e  i s  u n a f f e c t e d  by t h e  
a p p l i c a t i o n  o f  f e r t i l i z e r  N. In t h e  d i f f e r e n c e  method,  t h e  up take  o f  
f e r t i l i z e d  p l a n t s  is  c o r r e c t e d  f o r  N in  c o n t r o l  p l a n t s  and d i v id e d  by t h e  
f e r t i l i z e r  r a t e .  This  c a l c u l a t e d  v a lue  i s  known a s  " ap p a re n t  f e r t i l i z e r  
e f f i c i e n c y "  (AFE). Racho and DeDatta (1968)  measured AFE in  f lo o d  r i c e .  
AFE v a r i e d  f r o m  1 6 .7  t o  5 6 . 7  i n  t h e  d r y  s e a s o n  a n d  p e a k e d  a t  N 
a p p l i c a t i o n s  o f  90 kg/ha.  AFE v a r i e d  from 9.3 t o  33.3% i n  t h e  wet season 
and peaked a t  N a p p l i c a t i o n  o f  30 kg /ha .  AFE de c re a s e d  wi th  i n c r e a s i n g  N 
r a t e s  depending upon t h e  season .  Moore e t  a l .  (1981) r e p o r t e d  AFE o f  63% 
when p r e p l a n t  f e r t i l i z e r  e f f i c i e n c y  was m e a s u r e d  27  d a y s  a f t e r  
a p p l i c a t i o n .  P a t r i c k  and Reddy (1976) r e p o r t e d  f e r t i l i z e r  N e f f i c i e n c i e s  
of  49 t o  62% in t h e  above ground p o r t i o n  o f  t h e  p l a n t .
The recove ry  o f  f e r t i l i z e r  N i s  no t  a goal in i t s e l f .  The d e s i r e d
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i n c r e a s e  in g r a i n  y i e l d  th rough  improved N f e r t i l i z a t i o n  i s  a f u n c t i o n  of  
bo th  N a b s o r p t i o n  and t h e  e f f i c i e n c y  a t  which i t  i s  t r a n s l a t e d  i n t o  g r a i n  
p r o d u c t i o n .
Yoshida (1981) s t a t e d  t h a t  H a rv e s t  Index (HI) i s  a common way to  
examine r i c e  g r a i n  y i e l d .  HI i s  a r a t i o  o f  t h e  dry g r a i n  y i e l d  and t h e  
t o t a l  dry w e igh t  and i s  e x p re s s e d  as:
H a rv e s t  index (HI) = economic y i e l d  o r  HI = d ry  g r a i n  y i e l d
b i o l o g i c a l  y i e l d  t o t a l  d r y  we igh t
T h e r e f o r e ,  d ry  g r a i n  y i e l d  = HI x t o t a l  d ry  weight .  The e q u a t io n  f o r  dry 
g r a i n  y i e l d  i n d i c a t e s  t h a t  g r a i n  y i e l d  can be i n c r e a s e d  by e i t h e r  
i n c r e a s i n g  t o t a l  d r y  m a t t e r  p r o d u c t i o n  o r  by i n c r e a s i n g  t h e  h a r v e s t  
index .  The t o t a l  d ry  w e igh t  i s  a measure o f  a c r o p ' s  p h o t o s y n t h e t i c  
perfo rmance  and t h e  h a r v e s t  index i s  a measure o f  t h e  econom ica l ly  u s e fu l  
f r a c t i o n  o f  t h e  b i o l o g i c a l  y i e l d .  The t o t a l  d ry  w e igh t  o f  a good r i c e
c rop  i s  around 1 0  -  2 0  t / h a ,  depending upon c u l t i v a r ,  management, and
environmen t .  The h a r v e s t  index  g e n e r a l l y  v a r i e s  from 0.3 t o  0.5. As a 
r e s u l t ,  g r a i n  y i e l d  u s u a l l y  ranges  between 3 and 10 t / h a  p e r  c rop  u n l e s s  
t h e  crop lodges .  The g r a i n - s t r a w  r a t i o ,  s i m i l a r  t o  t h e  h a r v e s t  i n d ex ,  i s  
a r a t i o  o f  dry  g r a i n  y i e l d  t o  dry  s t r aw  weigh t :
G r a in - s t r a w  r a t i o  = d ry  g r a i n  y i e l d
d ry  s t r aw  weigh t
The g r a i n - s t r a w  r a t i o s  o f  r i c e  c rops  range  from 0.5 t o  1.0 depending  upon 
c u l t i v a r ,  management, and environment .  Reddy and P a t r i c k  (1978)  and 
Reddy and P a t r i c k  (1976) r e p o r t e d  g r a i n  t o  s t r a w  r a t i o  r anges  from 0.83 
t o  1.05 and from 0.69 t o  1.15 depending  upon N s o u r c e ,  N r a t e ,  and t im e  
o f  a p p l i c a t i o n  o f  N. A HI range  c a l c u l a t e d  from t h e s e  r e p o r t e d  v a lu e s  in  
1978 was 0.41 t o  0.52 and in  1976 was 0.41 t o  0.53. The c l o s e  agreement
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i n  t h e  c a l c u l a t e d  HI r a n g e s  from t h e  r e p o r t e d  d a ta  i s  not  s u r p r i s i n g  
s in c e  t h e  same c u l t i v a r  was grown on t h e  same s o i l  f o r  t h e s e  two s e p a r a t e  
s t u d i e s .  The d a ta  r e p o r t e d  by (A l le n  and Terman, 1978) i n  a greenhouse  
s tu d y  was a l s o  used t o  c a l c u l a t e  g r a i n  t o  s t r a w  r a t i o s  and h a r v e s t  
indexes.  The g r a i n  t o  s t r a w  r a t i o  range  was from 0.28 t o  0.45 and t h e  HI 
range  was from 0.38 t o  0.84 depending upon c u l t i v a r ,  N r a t e ,  and t ime o f  
N a p p l i c a t i o n .
Nova and Loomis (1981) s t a t e  t h a t  i f  b i o l o g i c a l  and economical  
y i e l d s  a r e  d i s t i n g u i s h e d ,  t h e n  t h e  e f f i c i e n c y  o f  a p p l i e d  N can be 
d e f i n e d .  Th i s  i s  c a l l e d  "agronomic e f f i c i e n c y "  (AE) and i s  e x p re s se d  as :
AE = kg g r a i n  = kg g r a i n  kg N absorbed
kg N a p p l i e d  kg N absorbed  kg N a p p l i e d
The  r a t i o  o f  kg g r a i n  t o  kg  N a b s o r b e d  i s  t e r m e d  p h y s i o l o g i c a l
e f f i c i e n c y .  T h e  r a t i o  o f  kg N a b s o r b e d  t o  kg N a p p l i e d  i s  c a l l e d
" recove ry  f r a c t i o n "  (RF ) by t h e  a u t h o r s .  T h i s  " r e c o v e ry  f r a c t i o n "  i s
f u r t h e r  broken down i n t o  two components:
RF = kg N abso rbed  x kg N supply  
kg N s u p p ly  kg N a p p l i e d
Agronomic e f f i c i e n c y  can be i n c r e a s e d  by i n c r e a s i n g  t h e  p h y s i o l o g i c a l
e f f i c i e n c y ,  t h e  r ecove ry  f r a c t i o n ,  o r  both.  The rec ove ry  f r a c t i o n  s e rv e s
as  an index  o f  N use  e f f i c i e n c y  f o r  t h e  e v a l u a t i o n  o f  N f e r t i l i z e r
t r e a t m e n t s .  The f i r s t  r a t i o  in t h e  RF e q u a t i o n ,  kg N absorbed  t o  kg N
supply  r e p r e s e n t s  up take  e f f i c i e n c y .  The up take  e f f i c i e n c y  i s  dependen t
upon r o o t  p r o p e r t i e s  as d i s t r i b u t i o n ,  s u r f a c e  a r e a ,  and up take  p e r  u n i t
s u r f a c e  a r e a .  These f a c t o r s  e f f e c t i n g  u p take  e f f i c i e n c y  a r e  dependen t
upon s o i l  c h a r a c t e r i s t i c s  and c o n c e n t r a t i o n  o f  N around t h e  r o o t s .  Moore
e t  a l .  (1981) used t h e  c o n c e p t  o f  u p take  e f f i c i e n c y  i n  e v a l u a t i n g  N
up take  and f e r t i l i z e r  e f f i c i e n c y  in f looded  r i c e .  Amounts o f  i n o rg a n ic
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s o i l  N, a s  wel l  as N up take  and dry m a t t e r  p r o d u c t io n  were monito red  a t
weekly i n t e r v a l s  f o r  13 weeks in f e r t i l i z e d  (130 k g /h a )  and u n f e r t i l i z e d
p l o t s .  To e s t i m a t e  t h e  e f f i c i e n c y  o f  f e r t i l i z e r  N, t h e  d i f f e r e n c e  in
p l a n t  N between f e r t i l i z e d  p l a n t s  and c o n t r o l s  was p l o t t e d  as a f u n c t i o n
o f  t h e  p a r a l l e l  d i f f e r e n c e s  in s o i l  N. The s lo p e  o f  t h e  r e l a t i o n s h i p  was
-0.55 which sugges ted  t h a t  f o r  each k i logram o f  N l o s t  from t h e  s o i l ,  t h e
p l a n t  ga ined  0.55 kg N. The c a l c u l a t i o n s  wre based  on t h e  assumption
t h a t  a l l  o f  t h e  f e r t i l i z e r  N was i n  t h e  s o i l .  Apparent  f e r t i l i z e r
e f f i c i e n c y  (AFE) i n  t h i s  r e s e a r c h  was e s t i m a t e d  a t  67%. The d i f f e r e n c e
between t h e  AFE method and t h e  r ec ove ry  f r a c t i o n  i s  t h e  kg N s u p p l i e d
kg N a p p l i e d
term in t h e  r ecove ry  f r a c t i o n  d e f i n i t i o n  o r  a c t u a l  f e r t i l i z e r  e f f i c i e n c y .
Nova and Loomis (1981) r e p o r t e d  a range  o f  AE from 7.1 t o  40.0 f o r  
r i c e .  Using v a lu e s  r e p o r t e d  by (Sims and P l a c e ,  1968) ,  ( P a t r i c k  e t  a l . ,  
1 9 7 4 )  a n d  ( B r a n d o n ,  1 9 8 0 a )  a r a n g e  o f  AE f r o m  3 1 .7  t o  59 .1  was  
c a l c u l a t e d .  AE w i l l  va ry  depending upon c u l t i v a r ,  amount o f  f e r t i l i z e r  N 
a p p l i e d ,  t im e  o f  N a p p l i c a t i o n  and o t h e r  c u l t u r a l  p r a c t i c e s  a f f e c t i n g  
e f f i c i e n t  N u t i l i z a t i o n .  AE i s  a method o f  e x p r e s s i n g  economic y i e l d  due 
t o  f e r t i l i z e r  a d d i t i o n s ,  however ,  i t  i s  unde f ined  a t  t h e  ze ro  r a t e  of  
f e r t i l i z e r  a p p l i c a t i o n  where g r a i n  y i e l d  i s  due t o  s o i l  N a lone .
The p h y s i o l o g i c a l  e f f i c i e n c y  o f  N u se  (kg g r a i n / k g  N abso rbed)  i s  
dependen t  on t h e  N e f f i c i e n c y  o f  biomass f o r m a t i o n ,  t h e  e f f e c t  o f  N on 
c a r b o h y d r a t e  p a r t i t i o n i n g ,  NO r e d u c t i o n  e f f i c i e n c y ,  and r e m o b i l i z a t i o n  
o f  p r o t e i n  N from s e n e s c e n t  t i s s u e s  (Noma and Loomis, 1981).
Moore e t  a l .  (1981) found a f t e r  t h e  p l a n t s  e n t e r e d  t h e  r e p r o d u c t i v e  
s t a g e  o f  growth ,  a l a r g e  amount o f  N t r a n s l o c a t e d  from t h e  v e g e t a t i v e  t o  
t h e  r e p r o d u c t i v e  t i s s u e s .  The r e p r o d u c t i v e  N up take  was p l o t t e d  as a
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f u n c t i o n  o f  t h e  i n v e r s e  o f  t h e  a c t i v e - v e g e t a t i v e  N u p t a k e .  T h e  
r e l a t i o n s h i p  found between t h e  two v a r i a b l e s  was s i g n i f i c a n t  f o r  both 
f e r t i l i z e d  an d  c o n t r o l  p l a n t s .  T h e  s l o p e s  o f  t h e  tw o  l i n e s  w e r e  
d i f f e r e n t ,  however ,  p o s s i b l y  due t o  a l a r g e r  amount o f  N in  t h e  a c t i v e -  
v e g e t a t i v e  t i s s u e  o f  t h e  f e r t i l i z e d  p l a n t s .  These r e s u l t s  s u ppo r t  t h e  
h y p o t h e s i s  fo rw arded  by (Reyes e t  a l . ,  1962) ,  which s u g g e s t  t r a n s l o c a t i o n  
o f  N from v e g e t a t i v e  t o  r e p r o d u c t i v e  t i s s u e s .
An index  o f  N t r a n s l o c a t i o n  from t h e  v e g e t a t i v e  t i s s u e  t o  t h e
r e p r o d u c t i v e  t i s s u e  was d e f i n e d  as t h e  N h a r v e s t  index (NHI) (Desai  and 
B h a t i a ,  1978) . NHI i s  d e f in e d  a s :
Gra in  Y ie ld  x g r a i n  % N /  St raw Y ie ld  x s t r aw % N + Gra in  Y ie ld  x % N
As seen by t h e  d e f i n i t i o n ,  NHI i s  a f u n c t i o n  o f  t h e  N c o n c e n t r a t i o n  and 
d r y  m a t t e r  r a t i o s  o f  t h e  g r a i n  and s t raw.  These r e s e a r c h e r s  found t h e  
NHI t o  va ry  from 0.57 t o  0.87 in 15 genotypes o f  wheat .  The h i g h e r  t h e  
NHI t h e  g r e a t e r  t h e  c a p a c i t y  o f  t h e  genotype  t o  m o b i l i z e  and t r a n s l o c a t e  
N from t h e  l eaves  and culm t o  t h e  g r a i n .
W e ts e la a r  and F a rquhar  (1980) r e p o r t e d  t h e  NHI f o r  r i c e .  The NHI
was a c o n s t a n t  0.65 even though t h e r e  were 23 d i f f e r e n t  N t r e a t m e n t s ,
r e p r e s e n t i n g  d i f f e r e n t  r a t e s  and t im es  o f  N a p p l i c a t i o n  f o r  wet and dry
season  c rops  o f  r i c e .  A us t in  e t  a l .  (1977) t e s t e d  47 genotypes  o f  wheat  
and measured a mean NHI o f  0.683 wi th  a s t a n d a r d  d e v i a t i o n  o f  0.0033. 
The NHI was h i g h ly  c o r r e l a t e d  wi th  h a r v e s t  index (HI) in t h i s  s tu d y .  A 
s t r o n g  p o s i t i v e  c o r r e l a t i o n  between HI and NHI would be expec ted  i f  t h e  
v a r i a t i o n  in g r a i n  and s t r a w  y i e l d s  was much g r e a t e r  t h a n  in  t h e i r  N 
c o n c e n t r a t i o n s ,  a s  can be seen by i n s p e c t i o n  o f  t h e  d e f i n i t i o n s  of  t h e  
indexes .  C a l c u l a t e d  NHI v a lu e s  f o r  r i c e  can be o b t a i n e d  from r e p o r t e d
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d a ta .  Th i s  r e v e a l s  a range  o f  NHI from 0.54 (Reddy and P a t r i c k ,  1978) t o  
0.71 (Reddy and P a t r i c k ,  1976) .  Th i s  NHI range  p o i n t s  o u t  how NHI can be 
m an ipu la ted  s i n c e  bo th  o f  t h e s e  r e p o r t e d  r e s u l t s  were conducted on t h e  
same s o i l  t y p e ,  wi th  t h e  same c u l t i v a r ,  b u t  t h e  N r a t e s ,  N s o u r c e s ,  and N 
t im in g s  were d i f f e r e n t .  In a greenhouse  s tu d y ,  (Allen and Terman, 1978) 
r e p o r t e d  N up take  d a t a  f o r  t h r e e  c u l t i v a r s  o f  r i c e .  C a l c u l a t i n g  NHI from 
t h e  N up take  r e v e a l s  a NHI range  o f  0.33 t o  0.61. There  was a g ene ra l  
i n c r e a s e  in  NHI wi th  i n c r e a s i n g  r a t e s  o f  N a p p l i e d .  A p l o t  of  t h e  N in 
t h e  g r a i n  a g a i n s t  t h e  N in t h e  g r a i n  and s t r aw  showed v a r i a b i l i t y  a t  high 
r a t e s  o f  N a p p l i c a t i o n .  P o i n t s  r e p r e s e n t i n g  p r e p l a n t  N t r e a t m e n t s  f e l l  
b e l o w  p o i n t s  r e p r e s e n t i n g  t o p - d r e s s e d  t r e a t m e n t s  a n d  g r e a t e r  
t r a n s l o c a t i o n  o f  t o p - d r e s s e d  N t o  t h e  g r a i n .  This  a g rees  wi th  t h e  v a lu e s  
o f  NHI c a l c u l a t e d  from (Reddy and P a t r i c k ,  1978).  In d a t a  from two y e a r s  
o f  f i e l d  i n v e s t i g a t i o n s  t h e  e a r l y  season t o p - d r e s s i n g s  c o n s i s t e n t l y  had 
lower c a l c u l t e d  NHI's t h a n  midseason t o p - d r e s s i n g s  us ing  two sources  of  
N.
METHODS AND MATERIALS
A r i c e  c u l t u r a l  m a n a g e m e n t  s t u d y  was  c o n d u c t e d  u n d e r  f i e l d  
c o n d i t i o n s  i n  a two y e a r  p e r i o d ,  1982-1983.  The l o c a t i o n s  o f  t h e s e  
i n v e s t i g a t i o n s  were:  t h e  N o r t h e a s t  Research  S t a t i o n ,  S t .  Jo seph ,
L o u i s i a n a ;  t h e  Macon Ridge Branch of  t h e  N o r t h e a s t  Research  S t a t i o n ,
Winnsboro,  L o u i s i a n a ;  t h e  Rice Research  S t a t i o n ,  Crowley, L o u i s i a n a .  The 
s o i l s  a t  t h e s e  r e s p e c t i v e  l o c a t i o n s  w e r e :  S h a r k e y  c l a y  ( V e r t i c  
H a p l a q u a t ) ;  Gigger  s i l t  loam (Typic F r a g i u d a l f ) ;  and Crowley s i l t  loam 
(Typic  A l b a q u a l f ) .  R e p r e s e n t a t i v e  s o i l  samples  were t a k e n  from t h e  
e xpe r im e n ta l  a r e a  each y e a r .  The s o i l s  were ana lyzed  by t h e  L ou i s iana  
S t a t e  U n i v e r s i t y  S o i l  T e s t  La bo ra to ry  u s ing  t h e  p ro ce d u re s  o u t l i n e d  by 
Brupbacher  e t  a l .  (1968) .  Ca t ion  exchange c a p a c i t y  (CEC) was de te rm ined  
a s  d e s c r i b e d  by Gaines  and M i t c h e l l  (1979) .  Dry combust ion carbon was 
de te rm ined  by bu rn in g  a 0 . 2  gram s o i l  sample in  an i n d u c t i o n  f u r n a c e  in  a 
s t ream o f  p u r i f i e d  0 2  and t h e  CO2  in  t h e  e f f l u e n t  gas  s t r eam  was absorbed
by A s c a r i t e .  The d i f f e r e n c e  in  t h e  w e igh t  o f  t h e  A s c a r i t e  was used t o
c a l c u l a t e  t h e  amount o f  carbon in  t h e  s o i l  sample ( A l l i s o n  e t  a l . ,  
1965) .  A 3 gram s o i l  sample was d i g e s t e d  by t h e  methodology o f  Noel and 
Hambleton (1976) i n  a h e a t e d  aluminum b lock  and t o t a l  s o i l  N (K j e l d a h l )  
was de te rm ined  c o l o r i m e t r i c a l l y  as  d e s c r i b e d  by Hambleton (1976) .  As a 
m e a s u r e  o f  a v a i l a b l e  s o i l  N,  t h e  a m o u n t  o f  NH4  -N p r o d u c e d  u n d e r  
a n a e r o b ic  s o i l  c o n d i t i o n s  f o r  a two week p e r i o d  was de te rm ined  us ing  t h e  
methodology o f  Dolmat e t  a l .  (1980) . The r a t i o  o f  carbon t o  n i t r o g e n  
(C:N) was c a l c u l a t e d  u s ing  t h e  v a lu e s  from t h e  d ry  combust ion carbon and 
t h e  t o t a l  s o i l  N. R e s u l t s  of  t h e s e  s o i l  a n a l y s e s  a r e  p r e s e n t e d  in Table
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1.
The v a r i a b i l i t y  in  t h e  c e r t a i n  chemical  p r o p e r t i e s  from t h e  1982 and 
1983 f i e l d  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  t h e  e x a c t  l o c a t i o n s  f o r  t h e  
r e s e a r c h  were no t  t h e  same f o r  t h e  two y e a r s .  However, t h e  d i f f e r e n c e s  
in  t h e  c e r t a i n  chemical  p r o p e r t i e s  o f  t h e  s o i l s ,  e s p e c i a l l y  t h e  t o t a l  
s o i l  N and t h e  a n a e r o b i c  m i n e r a l i z a t i o n  o f  NH4+ -N a t  t h e  N o r t h e a s t  
Research S t a t i o n  may be due t o  f i e l d  m o d i f i c a t i o n s  a f t e r  t h e  1982 growing 
season .  Top s o i l  from t h e  p l o t  a r e a  was used t o  c o n s t r u c t  a road f o r  
b e t t e r  a c ce s s  t o  t h e  p l o t  a r e a .  This  may have caused t h e  d i f f e r e n c e s  in 
t h e s e  s o i l  v a r i a b l e s .
Rice was d r i l l - s e e d e d  as  t h e  d ry - s e e d ed  c u l t u r a l  system and wa te r -  
seeded wi th  a " p i n - p o i n t "  f l o o d  as  t h e  w a t e r - s e e d e d  c u l t u r a l  system. The 
w a t e r - s e e d e d  r i c e  was hand b r o a d c a s t  i n t o  a sha l low  f l o o d  us ing  r i c e  t h a t  
had been p reg e rm in a te d  by soak in g  f o r  24 hours  and d r a i n i n g  f o r  24 hours .  
The w a t e r - s e e d e d  r i c e  was p l a n t e d  l a t e r  (T ab le  2) t h a n  t h e  d r i l l - s e e d e d  
r i c e  be c ause  o f  t h e  p r e - g e r m i n a t i o n  i n  an a t t e m p t  t o  g e t  t h e  same
emergence d a t e  f o r  bo th  c u l t u r a l  systems.  Mars r i c e ,  an e a r l y  medium-
g r a i n  c u l t i v a r  was used in  t h i s  i n v e s t i g a t i o n  be c ause  i t  pe rforms  wel l  in  
bo th  c u l t u r a l  sys tems  (Brandon ,  1982) . Seed ing  r a t e s  f o r  t h e  d r i l l -  
seeded and w a t e r - s e e d e d  c u l t u r a l  systems were 1 1 2  kg /ha  and 168 kg /ha
r e s p e c t i v e l y .  The d r i l l - s e e d e d  r i c e  was f l u s h e d  t o  maximize s o i l  
emergence o f  t h e  s e e d l i n g s  and enhance s t a n d  u n i f o r m i t y .  P l a n t i n g  d a t e s  
f o r  t h e  i n v e s t i g a t i o n s  a r e  p r e s e n t e d  in Tab le  2. Urea N was a p p l i e d  a t  
t h e  r a t e s  o f  0 ,  34 ,  6 8 , 102, 136,  and 170 kg N/ha a t  t h e  t ime  i n t e r v a l s  
p r e s e n t e d  i n  Tab le  3. The N f e r t i l i z a t i o n  d a t e s  f o r  t h e  two growing 
se asons  a r e  p r e s e n t e d  in  Tab le  4.
Weeds and i n s e c t s  were c o n t r o l l e d  u s in g  recommended r a t e s  o f
Table 1 . Certain chemical properties of the so ils  used in the rice  cu ltu ral management study.
AM**
Location Soil Type PH % O.M. P K Ca 
- ppm ■
Mg Na Zn CEC 
■ meq/lOOg
%DCC* Total N nh4+-n
ppm-------
C:N
1982 Field Investigations Soil Analysis
Northeast Research 
Station (NRS)
Sharkey clay 6.2 2.30 220 380 4250 860 70 6.8 32.70 2.16 2420 120 8.9
Macon Ridge Branch 
of the NRS
Gigger s i l t  loam 5.8 0.60 20 200 1150 130 60 1.0 10.40 0.75 890 39 8.4
Rice Research Station Crowley s i l t  loam 6.4 0.66 15 130 1300 360 150 0.60 14.20 0.52 1000 30 5.2
1983 Field Investigations Soil Analysis
Northeast Research 
Station (NRS)
Sharkey clay 6.3 2.10 185 375 4100 1000 70 7.6 34.0 2.05 2120 83 9.7
Macon Ridge Branch 
of the NRS
Gigger s i l t  loam 5.7 1.25 35 120 1500 185 140 1.0 9.90 1.00 1210 46 8.3
Rice Research Station Crowley s i l t  loam 6.7 1.20 6 65 2000 330 145 0.70 11.90 0.77 1100 41 7.0
* JDCC = Percent Dry Combustion Carbon
** AH = Anaerobic M ineralization of NH^ +-N
rv>
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Table 2 . Plot s iz e , planting dates, sampling dates, and harvest dates fo r the 1982 and 1983 f ie ld  Investigations.
Planting Date
Location Plot Size Drill-Seeded Hater-Seeded
MT*
Sample
PD**
Sample
Harvest
Sample Harvest
1982 Field Investigations
Northeast Research 
S tation (NRS)
1.52 m x 12.16 m 
18.48 m2
18 May 21 May 28 June 19 July 7 Sept. 14 Sept.
Macon Ridge Branch 
of the NRS
1.52 m x 12.16 m 
18.48 m2
31 May 2 June 13 July 26 July 16 Sept. 16 Sept.
Rice Research Station 1.42 m x 12.16 m 
17.31 m2
26 May 28 May 8 July 21 July 15 Sept. 17 Sept.
1983 Field Investigations
Northeast Research 
Station  (NRS)
1.52 m x 7.62 m 
11.58 m2
31 May 2 June 11 July 26 July 19 Sept. 19 Sept.
Hacon Ridge Branch 
of the NRS
1.52 m x 7.62 m 
11.58 m2
28 April 2 May 8 June 29 June 1 Sept. 1 Sept.
Rice Research Station 2.13 m  X 15.24 m  
32.46 m2
3 May 4 May 13 June 5 July 29 Aug. 30 Aug.
* MT ■ M1d-T1ller1ng
** PD ■= Panicle D ifferen tia tion
Table 3. Nitrogen application times fo r  the cu ltu ra l systems.
Time
1
2
3
Time
1
2
3
D r i l l - S e e d e d  C u l t u r a l  System 
Tota l  N a p p l i e d  as  ba sa l  a p p l i c a t i o n  p r e f l o o d
2 /3  N r a t e  a p p l i e d  as  basa l  a p p l i c a t i o n  p r e f l o o d ,  1/3 N r a t e  a t  p a n i c l e  
i n i t i a t i o n  "green  r i n g "
1/2 N r a t e  a p p l i e d  as  basa l  a p p l i c a t i o n  p r e f l o o d ,  1 /4  N r a t e  a t  p a n i c l e  
d i f f e r e n t i a t i o n  (2mm p a n i c l e ) ,  1 /4  N r a t e  10-14 days a f t e r  p a n i c l e  
d i f f e r e n t i a t i o n
Water-Seeded C u l t u r a l  System 
Tota l  N a p p l i e d  as  ba sa l  a p p l i c a t i o n  p r e p l a n t
2 /3  N r a t e  a p p l i e d  as  ba sa l  a p p l i c a t i o n  p r e p l a n t ,  1/3 N r a t e  a t  p a n i c l e  
i n i t i a t i o n  "green  r i n g "
1/2 N r a t e  a p p l i e d  as  ba sa l  a p p l i c a t i o n  p r e p l a n t ,  1 /4  N r a t e  a t  p a n i c l e  
d i f f e r e n t i a t i o n  (2mm p a n i c l e ) ,  1 /4  N r a t e  10-14 days a f t e r  p a n i c l e  
d i f f e r e n t i a t i o n
Table 4. N fe r t i l iz a t io n  dates fo r  the 1982 and 1983 f ie ld  investigations.
Time o f  N — PP PF PI PD 10-14 Days A f t e r  PD
Loca t ion
1982 F i e l d I n v e s t i g a t i ons
N o r t h e a s t  Research 
S t a t i o n  (NRS)
19 May 15 June 12 J u l y 19 J u l y 28 J u ly
Macon Ridge Branch 
o f  t h e  NRS
31 May 24 June 16 J u ly 26 J u ly 4 August
Rice  Research  S t a t i o n 26 May 14 June 
1983 F i e ld
14 J u ly  
I n v e s t i g a t i
21 J u l y  
ons
30 J u ly
N o r t h e a s t  Research 
S t a t i o n  (NRS)
31 May 23 June 14 J u ly 26 J u l y 5 August
Macon Ridge Branch 
o f  t h e  NRS
28 Apri l 25 May 20 June 29 June 8 J u ly
Rice Research  S t a t i o n 2 May 25 May 24 June 5 J u ly 18 J u ly
1/  Time o f  N: PP = p r e p l a n t ;  PF = p r e f l o o d ;  PI = p a n i c l e  i n i t i a t i o n ;  PD = p a n i c l e
d i f f e r e n t i a t i o n ;  10-14 days a f t e r  p a n i c l e  d i f f e r e n t i a t i o n .
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p r o p a n i l  and c a rb o f u ra n .  Phosphorus  and K were b r o a d c a s t  and d i sk e d  or  
band -p laced  a t  p l a n t i n g  in a l l  p l o t s  a t  r a t e s  of  67 kg P205 and K20 /ha  a t  
t h e  Macon Ridge Branch o f  t h e  N o r t h e a s t  Research S t a t i o n  and t h e  Rice 
Research  S t a t i o n .  There was no P o r  K a p p l i e d  a t  t h e  N o r t h e a s t  Research 
S t a t i o n  based  on s o i l  t e s t  r e s u l t s .
The e x p e r i m e n t a l  d e s ig n  was a s p l i t - p l o t  w i t h  c u l t u r a l  sys tem 
( d r i l l - s e e d e d ,  w a t e r - s e e d e d )  a s  t h e  m a i n  p l o t  w i t h  a f a c t o r i a l  
a rrangement  o f  t r e a t m e n t s  (N r a t e s  and N a p p l i c a t i o n  t i m e s ) .  P l o t  
d imens ions  f o r  each l o c a t i o n  a r e  p r e s e n t e d  in  Tab le  2. Each t r e a t m e n t  
combina t ion  was r e p l i c a t e d  f o u r  t im e s .  However, a t  t h e  N o r t h e a s t  
Research  S t a t i o n  in 1982, one r e p l i c a t i o n  was s e v e r e l y  i n f e s t e d  wi th  t h e  
p h y s i o l o g i c a l  d i s o r d e r  o f  r i c e  known as " s t r a i g h t h e a d " .  In r i c e  a f f e c t e d  
by s t r a i g h t h e a d ,  t h e  p a n i c l e s  remain u p r i g h t  a t  m a t u r i t y  be cause  t h e  few 
g r a i n s  produced a r e  to o  l i g h t  t o  bend them ove r  in  t h e  normal manner and 
g r a i n  y i e l d s  a r e  a d v e r s e l y  e f f e c t e d .  Due t o  t h e  p r e s e n c e  o f  
s t r a i g h t h e a d ,  s t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  o n l y  on t h r e e  
r e p l i c a t i o n s .
Three  0.0929/m- ^ whole p l a n t  samples  ( c u t  a t  t h e  s o i l  l e v e l )  were 
c o l l e c t e d  a t  m i d - t i l l e r i n g ,  p a n i c l e  d i f f e r e n t i a t i o n ,  and a t  h a r v e s t .  
P l a n t  sampl ing d a t e s  a r e  p r e s e n t e d  in Tab le  2. The p l a n t  samples  were 
oven d r i e d  a t  7 0 °C f o r  48 h o u r s ,  weighed ,  and ground t o  pass  th rough  a 20 
mesh s i e v e  us ing  a s t a i n l e s s  s t e e l  Wiley m i l l .  The ground p l a n t  t i s s u e  
was t h r o u g h l y  mixed ,  and s t o r e d  in  a 125 ml s c r e w - t o p  c o n t a i n e r  f o r  
chemical  a n a l y s i s .  The p l a n t  t i s s u e  was d r i e d  immedia te ly  b e f o r e  
chemical  a n a l y s i s  in an oven f o r  3 hours  t o  remove any m o i s t u re  t h a t  may 
have accumula ted du r in g  s t o r a g e .  The p l a n t  samples  were d i g e s t e d  us ing  
t h e  methodology o f  Noel and Hambleton (1976) in a he a te d  aluminum block
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and t o t a l  N ( K j e l d a h l )  was de te rmined  c o l o r i m e t r i c a l l y  as d e s c r i b e d  by 
Hambleton (1976) .
The p l a n t  samples  c o l l e c t e d  a t  h a r v e s t  were used t o  d e te r m in e  
p a n i c l e  w e i g h t s ,  y i e l d  components ,  h a r v e s t  indexes  ( H I ) ,  t o t a l  N u p t a k e ,  
and N h a r v e s t  indexes  (NHI). The p a n i c l e s  were hand s e p a r a t e d  from t h e  
s t r a w ,  counted t o  measure p a n i c l e s  p e r  squa re  m e t e r ,  and a twenty  p a n i c l e  
subsample was taken .  The subsample was weighed t o  de te rm ine  t h e  p a n i c l e  
we igh ts  and hand t h r e s h e d  t o  de te rm ine  t h e  number o f  f l o r e t s  p e r  p a n i c l e ,  
t h e  p e r c e n t  s t e r i l e  f l o r e t s ,  t h e  number o f  g r a i n s  p e r  p a n i c l e  and t h e  one 
thousand  g r a i n  weight .
The p a n i c l e s  f rom which t h e  subsample was c o l l e c t e d  were machine
t h r e s h e d  and t h e  g r a i n  was weighed.  This  g r a i n  w e igh t  was added to  t h e
subsample g r a i n  w e ig h t  t o  d e te rm in e  t h e  g r a i n  w e ig h t  o f  t h e  h a r v e s t  
sample. The g r a i n  weight  o f  t h e  h a r v e s t  sample was s u b t r a c t e d  from t h e
we igh t  o f  t h e  h a r v e s t  sample and t h e  d i f f e r e n c e  was t h e  s t r a w  weight .  
The h a r v e s t  index (HI) was c a l c u l a t e d  u s ing  t h e  g r a i n  w e igh t  o f  t h e  
h a r v e s t  sample and t h e  t o t a l  we igh t  ( g r a i n  + s t r aw )  o f  t h e  h a r v e s t  sample 
by t h e  f o l l o w in g  fo rm u la :
HI = g r a i n  y i e l d  kg /ha
t o t a l  dry m a t t e r  ( g r a i n  + s t r a w )  kg /ha
The c o n c e n t r a t i o n  o f  N de te rm ined  on t h e  g r a i n  and s t r a w  in t h e
h a r v e s t  sample was used t o  c a l c u l a t e  t h e  t o t a l  N up take  and t h e  n i t r o g e n
h a r v e s t  index (NHI). The t o t a l  N up take  was c a l c u l a t e d  as :  Gra in  Y ie ld
x % N Grain  + St raw Yie ld  x % N Straw.  The NHI was c a l c u l a t e d  a s  Grain
Y ie ld  x % N G r a in / T o t a l  N Uptake.
The whole p l o t s  were combine h a r v e s t e d  and a subsample was c o l l e c t e d  
f o r  g r a i n  m o i s t u re  d e t e r m i n a t i o n .  H arves t  d a t e s  a r e  given  in  Table  2.
V a r i a b l e s  measured a t  h a r v e s t  inc luded  p l a n t  h e i g h t ,  l odg ing ,  and g r a i n  
y i e l d .  Lodging a t  t h e  N o r t h e a s t  Research  S t a t i o n  and t h e  Macon Ridge 
Branch o f  t h e  N o r t h e a s t  Research S t a t i o n  was e x p re s s e d  as  a lodg ing  index 
(L I ) .  LI was c a l c u l a t e d  as  t h e  p e r c e n t  o f  t h e  p l o t  lodged x t h e  lodge 
r a t e .  Lodge r a t e  was a s u b j e c t i v e  measurement  from 0 t o  9 where 0 was an 
e r e c t  p l a n t  and 9 was a c o m p le te ly  f l a t  p l a n t .  Lodging a t  t h e  Rice 
Research S t a t i o n  was e v a l u a t e d  us ing  t h e  Agronomic Module f o r  lodg ing in 
The U.S. C o o p e r a t iv e  Rice  Research Data Bank (Table  5 ) .  F i e ld  n o t e s  were 
t a k e n  a t  t h e  Rice  Research S t a t i o n  t o  de te rm ine  t h e  number o f  days t o  50% 
head in g .  The number o f  days t o  50% heading  was d e f i n e d  as  t h e  number o f  
days from p l a n t i n g  u n t i l  50% o f  t h e  p a n i c l e s  in  t h e  p l o t  had emerged 
th rough  t h e  f l a g  l e a f  s h e a th  a pp rox im ate ly  2.5 c e n t i m e t e r s .
There  was no lodg ing  a t  t h e  Macon Ridge Branch o f  t h e  N o r t h e a s t  
R e s e a r c h  S t a t i o n  in  1 9 8 3 .  T h e r e  was o n l y  s i x  p l o t s  l o d g e d  a t  t h e  
N o r t h e a s t  Research  S t a t i o n  and a t  t h e  Rice  Research  S t a t i o n  in 1983. The 
lodg in g  d a t a  c o u ld  n o t  be  s t a t i s t i c a l l y  a n a ly z e d  a t  t h e s e  l o c a t i o n s  
because  w i th  on ly  s i x  o b s e r v a t i o n s  f o r  l o d g in g ,  t h e  assumpt ions  o f  a 
normaland in dependen t  d i s t r i b u t i o n  f o r  t h e  a n a l y s i s  o f  v a r i a n c e  were no t  
met .
The v a r i a b l e s  measured in t h i s  r i c e  c u l t u r a l  management s tudy  were 
s t a t i s t i c a l l y  an a ly z e d  by t h e  a n a l y s i s  o f  v a r i a n c e  t e c h n i q u e  t o  t e s t  f o r  
s i g n i f i c a n t  d i f f e r e n c e s  between t r e a t m e n t  means and i n t e r a c t i o n  e f f e c t s .  
The i n t e r a c t i o n  e f f e c t s  were a l s o  s t a t i s t i c a l l y  ana ly zed  by polynomial  
c o n t r a s t s .  Simple c o r r e l a t i o n  c o e f f i c i e n t s  and po lynomia l  r e g r e s s i o n  
e q u a t i o n s  were c a l c u l a t e d  among c e r t a i n  v a r i a b l e s .
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Table  5 .  The agronomic module f o r  lod g in g  from The U.S. Coope ra t ive  
Rice Research Data Bank.
Lodge Rate P e r c e n t  o f  p l o t  lodged
0 none
1 1 -  10%
2 11 -  20%
3 21 -  30%
4 31 -  40%
5 41 - 50%
6 51 -  60%
7 61 -  70%
8 71 -  80%
9 81 -  100%
Lodge Type
1 = Gradual  bending o f  t h e  culm wi th  l i t t l e  o r  no r u p t u r e
o f  t i s s u e ,  o f t e n  due t o  open ,  s p r e a d i n g  type  o f  growth 
and t i l l e r i n g .
2 = Root u p h e a v l , fo l low e d  by t h e  f a l l i n g  o f  t h e  e n t i r e
p l a n t .
3 = Breakage o f  t h e  s tem due t o  i n h e r e n t  weakness  o r
s e n e s c e n c e .
4 = Culm b u c k l in g  and bending a t  a s h o r t  d i s t a n c e  above
ground l e v e l .  Th is  i s  t h e  t y p e  o f  l odg ing  t h a t  most 
s i g n i f i c a n t l y  r educes  g r a i n  y i e l d .
RESULTS AND DISCUSSION 
I .
NORTHEAST RESEARCH STATION 
ST. JOSEPH, LA. 1982.
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t ion  of  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
and N up take  o f  Mars r i c e  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  grown 
on Sharkey c l a y  a r e  p r e s e n t e d  in  Tab le  6. There were no s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t ion  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  o r  N up take  by t h e  r i c e  
p l a n t s .  T h e  d r i l l - s e e d e d  r i c e  d i d ,  h o w e v e r ,  h a v e  a h i g h e r  N 
c o n c e n t r a t i o n  o f  t h e  dry m a t t e r  and g r e a t e r  N u p tak e .
N i t rogen  a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  accumula t ion 
o f  dry m a t t e r  by r i c e  p l a n t s  grown on Sharkey c l a y .  There was on ly  a 400 
kg /ha  d i f f e r e n c e  in t h e  accum ula t ion  o f  dry m a t t e r  between t h e  check p l o t  
(0 N) and t h e  170 kg N/ha r a t e .  The lack  o f  r e s p o n s e  t o  a p p l i e d  N may be 
due t o  t h e  a p p a r e n t  r a p i d  m i n e r a l i z a t i o n  o f  o r g a n ic  N in  t h i s  Sharkey 
c l a y  s o i l  ( T a b l e  1 ) .  A p p l i e d  N s i g n i f i c a n t l y  i n f l u e n c e d  t h e  
c o n c e n t r a t i o n  o f  N in  t h e  d ry  m a t t e r  and N uptake.  The N c o n c e n t r a t i o n  
in  t h e  dry  m a t t e r  and N up take  i n c r e a s e d  from 1.97% N (0 N) t o  2.45% N 
(170 kg N/ha) and from 37.7 kg N/ha (0 N) t o  56.9 kg N/ha (170 kg N/ha) .
There was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  N a p p l i c a t i o n  t im e s  f o r  
t h e  accum ula t ion  o f  dry  m a t t e r .  There  were s i g n i f i c a n t  d i f f e r e n c e s  among 
t h e  N a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  and N 
up take .  However, a s  p r e s e n t e d  in Tab le  3 ,  N a p p l i c a t i o n  d i f f e r e n c e s  a t
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Table 6. The influence of cu ltu ra l system, N ra te , and time of N application on accumulation of dry m atter, N concentration in the
dry m atter, and N uptake of Mars rice  a t the m id -tille rin g  stage of development grown on Sharkey clay. Northeast Research
Station. St. Joseph, LA. 1982.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1 /
kg/ha  k g /h a -------------------   % N ----------------------  kg N /ha
0 1780 2050 2.04 1.90 36.7 38.7
1920 a 1.97 c 37./ b
34 1 2050 2350 2.40 2.13 49.6 49.1
34 2 1670 2650 2.33 1.75 39.0 45.9
34 3 1610 2160 2.28 1.90 37.1 40.8
2080 a 2.13 C 43.6 b
68 1 1890 2070 2.74 1.87 51.8 38.7
68 2 2870 2040 2.53 2.13 47.4 42.8
68 3 1910 2220 2.41 2.03 46.2 44.9
2000 a 2.28 b 45.3 b
102 1 2100 2860 3.03 2.37 64.6 65.9
102 2 1720 2410 2.88 1.99 49.4 48.3
102 3 2510 2260 2.40 1.91 60.6 43.0
2300 a 2.43 ab "  55.3 a
136 1 2270 2350 2.98 2.38 66.5 56.2
136 2 2260 2040 2.51 1.95 56.6 39.7
136 3 2160 2000 2.83 2.05 61.3 40.8
2170 a 2.44 ab 53.5 a
170 1 2290 3100 3.25 2.35 75.2 73.8
170 2 2190 2490 2.64 1.90 58.5 46.3
170 3 2050 1830 2.71 1.75 55.5 32.0
2320 a 2.45 a 56.9 a
Cultural System Mean 2000 a 2270 a 2.56 a 2.01 a 51.6 a 45.8 a
C.V., % 22.2 9.9 24.6
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
— kg/ha— -S  N........ - kg N/ha -
1 2240 a 2.45 a 55.1 a
2 2100 a 2.23 b 46.1 b
3 2060 a 2.18 b 45.0 b
\ J  See Table 3 for N application time description.
2/ N time means over cu ltu ral systems and N ra tes .
Means followed by a coimton le t t e r  are not s ig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT.
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t h e  m i d - t i l l e r i n g  s t a g e  o f  development  a r e  in r e a l i t y  d i f f e r e n c e s  in N 
r a t e s .  The b a la n c e  o f  t h e  N r a t e  in t h e  s p l i t  a p p l i c a t i o n s  had not  been 
a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e  v a r i a b l e s  measured a t  t h e  mid- 
t i l l e r i n g  s t a g e  o f  development  were l a r g e s t  when t h e  t o t a l  N r a t e  was 
a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t ion  of  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  
and N up take  o f  Mars r i c e  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
development  grown on Sharkey c l a y  a r e  p r e s e n t e d  in  T a b le  7. There were 
no  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  c u l t u r a l  s y s t e m s  f o r  t h e  
accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  o r  N 
up take  by t h e  r i c e  p l a n t s .  The w a te r - s e e d e d  r i c e  d i d ,  however,  hav? a 
l a r g e r  accum ula t io n  o f  dry m a t t e r  and N u p ta k e .
N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accum ula t ion  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r ,  a n d  N u p t a k e .  The  
a ccum ula t io n  o f  dry  m a t t e r  i n c r e a s e d  from 4680 kg /ha  (0 N) t o  5440 kg/ha 
(170 kg N/ha) .  The N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and N up take  by t h e  
r i c e  p l a n t s  i n c r e a s e d  from 1.81% N, (0 N) t o  2.09% N (170 kg N/ha) and 
from 83.6 kg N/ha (0 N) t o  114.6 kg N/ha (170 kg N/ha) .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  a c c u m u l a t i o n  o f  d r y  m a t t e r .  The  t i m e  o f  N a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N c o n c e n t r a t i o n  i n  t h e  d ry  m a t t e r  and N 
up take  by t h e  r i c e  p l a n t s .  However, as  p r e s e n t e d  in  Table  3 ,  t h e  on ly  
v a l i d  comparison t h a t  can be made a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
development  i s  between t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and a s i n g l e  
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  In t h e s e  N a p p l i c a t i o n  t im e s ,  t h e  
t o t a l  N r a t e  had been a p p l i e d .  In t h e  t h re e -w a y  s p l i t  a p p l i c a t i o n  t h e
Table 7 . The influence of cu ltu ral system, N ra te , and time of N application on accumulation of dry m atter, N concentration in the dry
m atter, and N uptake of Mars rice  a t the panicle d iffe re n tia tio n  stage of development grown on Sharkey clay. Northeast Research
Station. St. Joseph, LA. 1982.
Dry Matter N Cone. Dry Matter N Uptake
Cultural System 
N Rate N Time 1/
Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded
kg/ha
0
• kg N /ha
4010 5350 1.92 1.69 76.4 90.7
4680 b 1.81 c 83.6 b
34 1 4840 6900 2.14 2.08 104.2 137.7
34 2 4050 4860 2.23 1.96 89.5 97.5
34 3 4160 5970 2.05 1.54 85.7 92.4
5130 ab 2.00 ab 101.2 a
68 1 4720 5510 2.12 1.78 99.9 98.0
68 2 4400 6400 2.09 1.79 91.8 114.9
68 3 4560 7820 1.94 1.74 88.2 135.9
5570 a 1.91 be 104.8 a
102 1 5460 7710 2.04 1.68 110.8 124.7
102 2 5020 5960 2.19 1.70 111.2 102.0
102 3 4040 6170 1.94 1.60 78.5 99.5
5730 a 1.86 be 104.5 a
136 1 5270 5590 1.96 1.65 104.3 93.4
136 2 4890 5400 2.47 2.14 120.4 116.6
136 3 4860 5380 2.07 1.68 100.8 89.9
5230 ab 2.00 ab 104.2 a
170 1 5810 5700 2.52 1.96 143.6 112.6
170 2 5190 5970 2.54 1.89 132.3 114.6
170 3 4480 5460 1.85 1.80 84.8 99.9
5440 a 2.09 a 114.6 a
Cultural System Mean 4660 a 5940 a 2.10 a 1.78 a 98.6 a 105.7 a
C.V., % 18.9 11.5 20.0
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha -- — % N ----- - kg N/ha -
1 5580 a 1.99 a 109.5 a
2 5150 a 2.07 a 105.5 a
3 5170 a 1.78 b 91.3 b
1/  See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t te r  are not s ig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT. O
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b a l a n c e  o f  t h e  t o t a l  N r a t e  h a d  n o t  b e e n  a p p l i e d .  T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and 
t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  f o r  t h e  N c o n c e n t r a t i o n  of  
t h e  dry  m a t t e r  o r  N up take .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accum ula t ion  o f  dry  
m a t t e r  and N up take  by t h e  d ry  m a t t e r  a t  bo th  t h e  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  development .  In g e n e r a l ,  N up take  
p a r a P e l e d  a c c u m u l a t i o n  o f  d r y  m a t t e r .  T h e s e  r e l a t i o n s h i p s  a r e  
i l l u s t r a t e d  in F ig u re s  1 and 2.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment ,  t h e  a v e ra g e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  de c re a s ed  from 
2.29 t o  1.94% N. The d r y  m a t t e r  a c cum ula t ion  and N up take  a ve ra ge s  
i n c r e a s e d  f r o m  2 1 4 0  t o  5 3 0 0  k g / h a  a nd  f r o m  4 8 . 7  t o  102 .1  kg N / h a .  
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  
r e l a t i o n s h i p  between g r a i n  y i e l d  and accum ula t ion  o f  dry m a t t e r  and t h e  N 
c o n c e n t r a t i o n  in  t h e  d ry  m a t t e r  a t  m i d - t i l l e r i n g .  However, a t  p a n i c l e  
d i f f e r e n t i a t i o n ,  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  11% o f  t h e  
t o t a l  v a r i a t i o n  in  g r a i n  y i e l d  cou ld  be  accounted  f o r  by t h e  accum ula t ion  
o f  dry m a t t e r  and t h e  N c o n c e n t r a t i o n  in  t h e  d ry  m a t t e r .  At t h e  mid- 
t i l l e r i n g  s t a g e  o f  development  ap p ro x im a te ly  23 p e r c e n t  o f  t h e  t o t a l  N 
had been t a k e n  up. Th is  p e r c e n t a g e  i n c r e a s e d  t o  48 p e r c e n t  o f  t h e  t o t a l  
N a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development .  There  were no 
s i g n i f i c a n t  r e l a t i o n s h i p s  be tween  N u p tak e  a t  t h e  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  d e v e l o p m e n t  w i t h  g r a i n  y i e l d .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  p l a n t  h e i g h t  o r  lodg in g  (T a b le  8 ) .  However, t h e  d r i l l - s e e d e d  r i c e  
h a d  t a l l e r  p l a n t s  a n d  a l a r g e r  l o d g i n g  i n d e x  ( L I ) .  N i t r o g e n
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Figure  1. R e l a t i o n s h i p  between t h e  a c cum ula t ion  o f  dry m a t t e r  and 
N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  of  
Mars r i c e  grown on Sharkey c l a y .  N o r t h e a s t  Research 
S t a t i o n .  S t .  J o s e p h ,  LA. 1982. * * , S i g n i f i c a n t  a t  t h e
0 .01  l e v e l  o f  p r o b a b i l i t y .
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Figu re  2.  R e l a t i o n s h i p  between t h e  ac cu m u la t io n  o f  dry  m a t t e r  and 
N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  d e v e lo p ­
ment o f  Mars r i c e  grown on Sharkey c l a y .  N o r t h e a s t  
Research  S t a t i o n .  S t .  J o s e p h ,  LA. 1982. * * , S i g n i f i c a n t
a t  t h e  0 .01  l e v e l  o f  p r o b a b i l i t y .
Table 8 . The influence of cu ltu ral system, N ra te , and time of N application on plant height, lodging index (LI) and y ield  of Mars
rice  grown on Sharkey clay. Northeast Research S tation . St. Joseph, LA. 1982.
Plant Height Lodging Index Grain Yield 8 12% Moisture
Cultural System Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded
N Rate N Time \ J
kg/ha  cm -------------------   LI    kg/ha
0 127 116 0.43 0.54 9620 7530
121 d 0.48 b 8580 ab
39 1 134 118 0.44 0.36 9470 7620
34 2 132 122 0.66 0.54 9720 9110
34 3 131 121 0.44 0.54 10,020 8320
126 c 0.50 b 9040 a
68 1 137 122 0.81 0.54 8090 7160
68 2 136 124 0.87 0.60 7940 6950
68 3 131 122 0.75 0.60 9360 7150
129 be 0.70 a 7780 b
102 1 135 126 0.87 0.60 9250 9340
102 2 137 123 0.57 0.60 9220 7340
102 3 134 123 0.78 0.60 9130 8440
130 b 0.67 a 8450 ab
136 1 139 128 0.87 0.60 7880 7840
136 2 134 124 0.81 0.61 9520 7650
136 3 139 122 0.87 0.57 8880 7470
131 b 0.72 a 8210 ab
170 1 141 126 0.84 0.72 7790 8960
170 2 139 131 0.81 0.72 7840 7630
170 3 0 139 127 0.87 0.60 8120 6740
134 a 0.76 a 7850 b
Cultural System Mean 134 a 123 a 0.70 a 0.58 a 8940 a 7660
C.V., % 3.0 27.3 14.6
N Time 2/ Plant Height Lodging Index Grain Yield 9 12% Mois
— - cm ----- .........LI ---- -----  kg/ha
1 129 a 0.64 a 8170 a
2 129 a 0.64 a 8430 a
3 128 a 0.64 a 8360 a
1/ See Table 3 fo r N application time description.
2/ N time means over cu ltu ral systems and N ra tes .
Means followed by a common le t te r  are not s ig n ifican tly  d iffe ren t a t  the 5% probability  level according to DMRT.
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a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  p l a n t  h e i g h t  and lodg ing .  P l a n t  
h e i g h t  i n c r e a s e d  from 121 cm (0 N) t o  134 cm (170 kg N/ha) .  Lodging 
f o l lo w e d  t h e  same g e n e ra l  t r e n d  wi th  t h e  LI i n c r e a s i n g  from 0.48 (0 N) t o  
0.76 (170 kg N/ha) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  p l a n t  h e i g h t  o r  lodging.
There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  
g r a i n  y i e l d  (T a b le  8 ) .  However, t h e  o v e r a l l  g r a i n  y i e l d  f o r  t h e  d r i l l -  
seeded r i c e  was 1280 kg/ha g r e a t e r  t h a n  t h e  w a t e r - s e e d e d  r i c e .  I t  was 
obse rved  du r ing  t h e  growing season t h a t  t h e  w a te r - s e e d e d  p l o t s  were l e s s  
u n i f o r m  i n  t e r m s  o f  p l a n t  d e n s i t y  a n d  w e r e  i n f e s t e d  w i t h  r e d s t e m  
( Ammania a u r i c u l a t a ). I t  i s  s p e c u l a t e d  t h a t  t h e s e  f a c t o r s  may have 
i n f l u e n c e d  t h e  g r a i n  y i e l d  d i f f e r e n c e  between t h e  c u l t u r a l  systems. 
N i t roge n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  g r a i n  y i e l d s  and g r a i n  
y i e l d  i n c r e a s e d  up t o  t h e  34 kg N/ha r a t e  (Tab le  8 and F igure  3 ) .  The 
l a r g e  g r a i n  y i e l d  (8580 kg /ha)  a t  t h e  check p l o t  (0  N) r e f l e c t s  t h e  N 
su p p ly ing  c a p a b i l i t y  o f  t h e  Sharkey c l a y  s o i l  t h r o u g h o u t  t h e  growing 
season .  N i t ro g e n  r a t e s  g r e a t e r  than  34 kg N/ha d e c re a s e d  g r a i n  y i e l d s  
when compared t o  t h e  g r a i n  y i e l d  a t  t h e  check p l o t  (0 N). Regress ion  
a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  r e l a t i o n s h i p  between 
g r a i n  y i e l d  and a p p l i e d  N. The g r a i n  y i e l d  d e c r e a s e  beyond t h e  34 kg 
N/ha r a t e  may be r e l a t e d  t o  lodg ing s i n c e  t h e r e  was a g e n e ra l  i n c r e a s e  in 
lodg ing  w i th  i n c r e a s i n g  N r a t e s .
The g e n e ra l  lack  o f  r e s p o n s e  o f  g r a i n  y i e l d s  t o  a p p l i e d  N t o  t h e  
Sharkey c l a y  s o i l  i s  s i m i l a r  t o  t h a t  e n c o u n te re d  by Sims,  (1964) .  This  
r e s e a r c h e r  r e p o r t e d  t h e  l a r g e s t  g r a i n  y i e l d s  were o b t a i n e d  a t  t h e  check 
p l o t  (0 N) wh i l e  s tu d y i n g  N f e r t i l i z a t i o n  o f  r i c e  on c l a y  s o i l s .  Sims 
s p e c u l a t e d  t h a t  t h e  l ack  o f  r e s p o n s e  t o  a p p l i e d  N i s  due t o  t h e  r a p id
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Figu re  3.  I n f l u e n c e  o f  N r a t e s  on g r a i n  y i e l d  o f  Mars r i c e  grown 
on Sharkey c l a y .  N o r t h e a s t  Research  S t a t i o n .  S t .  
J o s e p h ,  LA. 1982. Bars w i th  t h e  same l e t t e r  on top  
a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% p r o b a b i l i t y  
l e v e l  a c c o r d in g  t o  DMRT.
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m i n e r a l i z a t i o n  o f  o r g a n i c  N in  a P e r ry  c l a y  s o i l  in Arkansas .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  p a n i c l e s  p e r  sq u a re  m e te r ,  f l o r e t s  p e r  p a n i c l e ,  o r  p e r c e n t  s t e r i l e  
f l o r e t s  (T ab le  9 ) .  N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d
p a n i c l e s  p e r  s q u a r e  m e t e r  a n d  p a n i c l e  d e n s i t y  v a r i e d  f r o m  363
_? -2 
p a n i c l e s / m  (34 kg N/ha)  t o  438 p a n i c l e s / m  (136 kg N/ha) .  N i trogen
a p p l i c a t i o n  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  f l o r e t s  p e r  p a n i c l e  o r
p e r c e n t  s t e r i l e  f l o r e t s .  However, wi t h  i n c r e a s i n g  N r a t e s  t h e r e  was
g e n e r a l  i n c r e a s e  i n  f l o r e t s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t im es  f o r
p a n i c l e s  p e r  s q u a r e  m e t e r ,  f l o r e t s  p e r  p a n i c l e ,  o r  p e r c e n t  s t e r i l e
f l o r e t s .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  mid- 
t i l l e r i n g  and p a n i c l e s  p e r  sq u a re  m e t e r  ( r  = 0.23**) and between N up take  
a t  p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  pe r  p a n i c l e  ( r  = 0.19*) .  Th is  i s  
in agreement  w i th  Murayama (1979)  who found p o s i t i v e  c o r r e l a t i o n s  between 
N uptake  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  w i th  t h e s e  two 
y i e l d  components .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  w e ig h t ,  o r  
t h e  p a n i c l e  w e i g h t  ( T a b l e  1 0 ) .  N i t r o g e n  a p p l i c a t i o n  d i d  n o t  
s i g n i f i c a n t l y  i n f l u e n c e  t h e  number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one 
thousand  g r a i n  w e igh t  o r  t h e  p a n i c l e  weight .  The number o f  g r a i n s  per  
p a n i c l e  and t h e  one th o u sa n d  g r a i n  w e ig h t  were r e l a t i v e l y  c o n s t a n t  
v a ry i n g  on ly  from 125 t o  133 g r a i n s  p e r  p a n i c l e  and from 22.1 t o  23.1 
grams f o r  t h e  one th o u sa n d  g r a i n  w e ig h t .  There  were no s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  t h e  number o f  g r a i n s  per
Table 9 . The influence of cu ltu ral system, N ra te , and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s te r i le  f lo re ts  o f Mars rice  grown on Sharkey clay. Northeast Research S tation . S t. Joseph, LA. 198?.
Panicles Per Square Meter 
Cultural System Drill-Seeded Water-Seeded
N Rate N Time 1/
F lorets Per Panicle
Drill-Seeded Water-Seeded
Per Cent S te rile  F lorets 
Drill-Seeded Water-Seeded
kg/ha panicles/M No.
0 351 408 162 156 23.0 18.8
38'OT) 159 a 20.9 a
34 1 334 352 173 193 30.1 19.8
34 2 318 397 188 136 28.8 15.1
34 3 388 391 189 125 22.0 14.4
362 b 167 a 21.9 a
68 1 320 368 192 139 27.5 14.9
68 2 409 368 203 170 32.3 23.3
68 3 401 380 201 143 25.5 21.3
373 b 175 a 24.1 a
102 1 443 416 171 175 28.2 25.5
102 2 403 451 184 174 24.3 20.4
102 3 371 471 224 150 32.3 15.3
427 a 179 a 24.3 a
136 1 434 415 166 140 29.5 12.7
136 2 498 449 193 156 25.0 19.7
136 3 436 401 187 144 39.3 11.3
438 a 164 a 22.9 a
170 1 432 498 180 159 31.6 21.4
170 2 469 406 211 158 32.3 19.9
170 3 380 414 174 189 28.3 24.9
434 a 179 a 26.4 a
Cultural System Mean 395 a 413 a 184 a 157 a 28.2 a 18.7 1
C.V., % 15.8 17.0 25.2
N Time 2/ Panicles Per Square Meter Florets Per Panicle Per Cent S te r ile  Florets
2
1 395 a 169 a 24.5 a
2 413 a 174 a 23.9 a
3 398 a 169 a 22.0 a
V See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra tes .
Means followed by a common le t t e r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT. 00
Table 10. The influence of cu ltu ral system, N ra te ,  and time of N application on the number of grains per panicle, the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Sharkey clay. Northeast Research S tation . S t. Joseph,
LA. 1982.
Grains Per Panicle 1000 Grain Weight Panicle Height
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1/
N Time 2/ Grains Per Panicle 
.............N o ...............
1000 Grain Weight 
  grams -------
126 a 
130 a 
130 a
22.7 a 
22.3 a 
22.9 a
grams grams
0 123 126 23.5 22.6 3.35 3.24
125 a 23.1 a 3.30 a
34 1 119 155 23.5 22.4 3.69 3.82
34 2 133 113 23.5 22.5 3.50 3.00
34 3 147 107 22.1 23.5 3.80 2.95
129 a 22.9 a 3.46 a
68 1 138 116 22.2 22.8 3.64 3.24
68 2 138 130 22.2 23.3 3.85 3.41
68 3 150 113 22.5 23.1 3.84 3.16
131 a 22.7 a 3.53 a
102 1 122 124 22.4 23.4 2.92 3.34
102 2 139 137 21.7 22.0 3.51 3.49
102 3 151 127 21.9 23.8 3.90 3.71
133 a 22.5 a 5.39 a
136 1 117 122 21.8 23.4 3.07 3.24
136 2 144 125 20.9 22.8 3.49 3.28
136 3 113 128 ° 20.6 23.0 2.96 3.14
125 a 22.1 a 3.20 a
170 1 123 124 21.2 23.1 3.23 3.00
170 2 144 126 20.9 22.1 3.67 3.31
170 3 122 140 23.7 23.4 3.45 3.68
130 a 22.4 a 3.39 a
Cultural System Mean 131 a 126 a 22.3 a 22.9 a 3.48 a 3.28
C.V., % 15.8 4.6 15.3
Panicle Weight
  grams —
3.32 a 
3.42 a 
3.39 a
1/ See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra tes .
Means followed by a conmon le t te r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT. to
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p a n i c l e ,  t h e  one thousand  g r a i n  w e igh t ,  o r  t h e  p a n i c l e  weight .  Mu l t i p l e  
r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  r e l a t i o n s h i p  
between g r a i n  y i e l d  and p a n i c l e  d e n s i t y ,  g r a i n s  p e r  p a n i c l e ,  and t h e  one 
th ousand  g r a i n  w e ig h t .  The g e n e ra l  l ac k  o f  r e sponse  o f  t h e s e  v a r i a b l e s  
t o  d i f f e r e n c e s  in c u l t u r a l  sy s tem s ,  N r a t e s ,  and N a p p l i c a t i o n  t im es  and 
t h e  lack  o f  a s i g n i f i c a n t  r e l a t i o n s h i p  between g r a i n  y i e l d  and y i e l d  
components i s  t h o u g h t  t o  be  from t h e  o v e r r i d i n g  e f f e c t  o f  t h e  r ap id  
m i n e r a l i z a t i o n  o f  o r g a n i c  N in t h i s  Sharkey c l a y  s o i l  (Table  1).
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  p r o d u c t i o n  o f  s t r a w  o r  N u p tak e  (Table  11) .  The d r i l l - s e e d e d  
r i c e  d id ,  however ,  have  a l a r g e r  s t r aw  y i e l d  and g r e a t e r  N uptake .  The 
d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  h i g h e r  N c o n c e n t r a t i o n  in  t h e  s t r a w  
(0.81% N) when compared t o  t h e  w a t e r - s e e d e d  r i c e  (0.72% N) (Table  11). 
N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  y i e l d  o f  s t r a w ,  t h e  N 
c o n c e n t r a t i o n  in  t h e  s t r a w ,  and t h e  N up take .  The s t r a w  y i e l d s  i n c r e a s e d  
from 11290 k g /h a  (0 N) t o  15890 kg /ha  (170 kg N/ha) .  The N c o n c e n t r a t i o n  
in  t h e  s t r a w  and N up take  i n c r e a s e d  from 0.71% N (0 N) t o  0.81 (136 kg 
N / h a )  a n d  f r o m  8 0 . 6  kg N / h a  (0 N) t o  1 2 7 .3  kg N / h a  ( 1 7 0  kg N / h a )  
r e s p e c t i v e l y .  T h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  t h e  s t r a w  y i e l d ,  t h e  N c o n c e n t r a t i o n  in  t h e  s t r a w ,  
o r  t h e  N up take .  Each o f  t h e s e  v a lu e s  were,  however ,  h i g h e r  when N was 
a p p l i e d  as a two-way s p l i t  a p p l i c a t i o n .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  N c o n c e n t r a t i o n  in  t h e  g r a i n  o r  N absorbed  by t h e  g r a i n  (Table  
1 2 ) .  N i t r o g e n  a p p l i c a t i o n  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  N 
c o n c e n t r a t i o n  o f  t h e  g r a i n  o r  N a b s o r b e d  by t h e  g r a i n .  The N 
c o n c e n t r a t i o n  in t h e  g r a i n  and up take  were r e l a t i v e l y  c o n s t a n t  ov e r  t h e
Table 11. The influence of cu ltu ral system, N ra te , and time of N application on the y ield  of straw, N concentration in the straw, and
N uptake by the straw of Mars rice  grown on Sharkey clay. Northeast Research S tation . S t. Joseph, LA. 1982.
Straw Yield N Cone. Straw N Uptake Straw
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
0 11610 10990 0.71 0.70 82.9 78.4
11290 c 0.71 c 80.6 d
34 1 15040 12420 0.74 0.59 112.2 77.5
34 2 12950 11700 0.82 0.72 106.7 84.2
34 3 14440 11240 0.76 0.79 109.6 88.9
12960 be 0.74 abc 96.5 cd
68 1 14700 12510 0.79 0.71 117.7 95.4
68 2 16480 11140 0.90 0.68 149.9 75.3
68 3 14520 12360 0.81 0.75 119.0 94.5
12640 b 0.77 abc 108.6 be
102 1 16860 11640 0.80 0.69 134.8 82.5
102 2 15550 13040 0.78 0.75 120.6 98.0
102 3 14560 11690 0.79 0.66 114.7 77.4
13890 b 0.74 abc 104.7 be
136 1 15880 11740 0.83 0.66 130.3 79.9
136 2 20280 13440 0.91 0.78 185.5 105.5
136 3 16050 10640 0.93 0.76 149.7 81.1
14670 ab 0.81 a 122.0 ab
170 1 17100 15320 0.82 0.77 138.6 119.2
170 2 20110 14570 0.84 0.78 168.3 112.8
170 3 14670 13620 0.88 0.69 129.8 94.9
15890 a 0.80 ab 127.3 a
Cultural System Mean 15220 a 12220 a 0.81 a 0.72 b 124.2 a 89.0
C.V., % 19.2 12.5 24.8
N Time 2/ Straw Yield N Cone. Straw N Uptake Straw
— kg/ha — ----- % N ------- - kg N /  hai —
1 13890 a 0.74 a 105.5 a
2 14330 a 0.78 a 113.5 a
3 12960 a 0.77 a 101.0 a
1/ See Table 3 for N application time descrip tion .
2/ N time means over cultural systems and N ra tes .
Means followed by a coumon le t t e r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT.
Table 12. The influence of cu ltu ra l system, N ra te , and time of N application  on N concentratic 
in the grain and N uptake by the grain of Mars r ice  grown on Sharkey clay. North­
eas t Research S ta tion . S t. Joseph, LA. 1982.
N Cone. Grain 
Cultural System Drill-Seeded Water-Seeded
N Rate N Time 1/
N Uptake Grain 
Drill-Seeded Water-Seeded
kg/ha % N kg N /  ha
0 1.31 1.35 110.3 109.5
1.33 a 109.9 a
34 1 1.51 1.34 85.7 113.2
34 2 1.34 1.22 115.0 110.1
34 3 1.25 1.28 111.7 112.7
1.32 a 108.1 a
68 1 1.38 1.35 102.1 120.0
68 2 1.34 1.22 111.6 101.0
68 3 1.41 1.29 130.8 120.5
1.33 a 114.3 a
102 1 1.35 1.33 114.4 124.2
102 2 1.26 1.36 116.6 135.5
102 3 1.32 1.27 115.0 108.8
1.31 a l'l'S.I a
136 1 1.38 1.38 129.6 136.1
136 2 1.37 1.30 119.1 123.2
136 3 1.26 1.28 104.6 112.2
1.33 a 120.8 a
170 1 1.37 1.28 102.5 125.5
170 2 1.38 1.27 109.7 90.9
170 3 1.40 1.34 114.1 134.0
1.34 a 112.8 a
Cultural System Mean 1.35 a 1.31 a 111.9 a 116.5
C.V., % 8.4 18.6
N Time 2/ N Cone. Grain N Uptake Grai n
- . . .  % N . . . - - kg N /  ha - -
1 1.36 a 115.5 a
2 1.31 a 112.2 a
3 1.31 a 114.8 a
It
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See Table 3 fo r N app lication  time descrip tion . 
N time means over cu ltu ra l systems and N ra te s .
Means followed by a common le t t e r  are not s ig n ifican tly  
level according to DMRT.
d iffe ren t a t the 5% probability
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N r a t e s  v a ry i n g  o n l y  from 1.31 t o  1.34% N and from 108.1 t o  120.8 kg 
N/ha,  r e s p e c t i v e l y .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im e s  f o r  t h e  N c o n c e n t r a t i o n  o f  t h e  g r a i n  o r  N uptake.  
However, t h e  N c o n c e n t r a t i o n  in t h e  g r a i n  and up take  were h i g h e r  when N 
was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
The d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  lower h a r v e s t  index (HI) 
and n i t r o g e n  h a r v e s t  index (NHI) when compared t o  t h e  w a te r - s e e d e d  r i c e  
(Table  13) .  There was no s i g n i f i c a n t  d i f f e r e n c e  between  t h e  c u l t u r a l  
systems f o r  t o t a l  N uptake.  However, t h e  d r i l l - s e e d e d  r i c e  had a g r e a t e r  
t o t a l  N u p tak e  (236.1 kg N/ha) when compared t o  t h e  w a t e r - s e e d e d  r i c e  
(205.5 kg N/ha) .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  HI, NHI, 
and t o t a l  N up take .  The t o t a l  N up take  i n c r e a s e d  from 190.5 kg N/ha (0 
N) t o  240.1 kg N/ha (170 kg N/ha) .  C onve r se ly ,  t h e r e  was a g ene ra l  
d e c r e a s e  o f  HI a n d  NHI w i t h  N a d d i t i o n s .  A p p a r e n t l y ,  u n d e r  t h e  
c o n d i t i o n s  o f  t h i s  s t u d y ,  t h e  most e f f i c i e n t  p a r t i t i o n i n g  o f  t h e  dry 
m a t t e r  i n t o  g r a i n  (HI = 0.40)  t r a n s l a t i o n  o f  N t o  t h e  g r a i n  (NHI = 0.54) 
occured  a t  t h e  34 kg N/ha r a t e  s i n c e  g r a i n  y i e l d s  were l a r g e s t  a t  t h i s  N 
r a t e .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  
t im e s  f o r  t h e  HI, NHI,  o r  t o t a l  N uptake .  However, t h e  HI and NHI were 
t h e  l a r g e s t  when t h e  N was a p p l i e d  as a t h ree -w ay  s p l i t  a p p l i c a t i o n .
R e l a t i o n s h i p s  as  shown by s imple  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  c o m p o n e n t s ,  p a n i c l e  w e i g h t s ,  h a r v e s t  i n d e x e s  ( H I )  a n d  
N h a r v e s t  indexes  (NHI) a r e  p r e s e n t e d  in Table  14.
P a n i c l e  we igh t  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  f l o r e t s  p e r  
p a n i c l e ,  g r a i n s  p e r  p a n i c l e ,  and p e r c e n t  s t e r i l e  f l o r e t s .  There were 
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between t h e  one thousand  g r a i n  w e ig h t ,  
p a n i c l e s  p e r  sq u a re  m e te r ,  and f l o r e t s  p e r  p a n i c l e .  The d a ta  show t h a t
Table 13 . The influence of cu ltu ral system, N ra te ,  and time of N application on Harvest Index (HI) to ta l nitrogen uptake, and Nitrogen
Harvest Index (NHI) of Mars rice  grown on Sharkey clay. Northeast Research Station. St. Joseph, LA. 1982.
Harvest Index Total N Uptake Nitrogen Harvest Index
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1/
kg/ha
0 0.42
HI
0 . 4 3  b
0.43
 (.g N / h a ----------
193.2 187.9
190.5 c
0.57
(OH I
0.58 c
0.59
34
34
34
0.28 0.42
0.40 0.45
0.38 0.44
“  0.40 b
197.8 190.7
221.7 194.4
221.3 205.1
204.6 be
0.44 0.62
0.52 0.58
0.50 0.56
0.54 be
68
68
68
0.33
0.33
0.39
0.39 b
0.43
0.43
0.43
219.8 215.4
261.5 176.3
249.9 215.0 
223.0 ab
0.47 0.59
0.43 0.58
0.53 0.57
0.53 b
102
102
102
0.34 0.44
0.37 0.43
0.38 0.42
0.40 b
249.1 206.7
237.3 233.6
229.8 186.2
223.7 ab
0.46 0.61
0.49 0.58
0.50 0.58
 o r e -------
136
136
136
1
2
3
0.37
0.30
0.34
0.46
0.41
0.45
259.9
304.6
254.4
216.0
228.7
193.3
0.50
0.39
0.41
0.64
0.54
0.58
0.39 b 242.8 a 0.51 ab
170 1 0.31 0.39 241.1 244.7 0.43 0.52
170 2 0.29 0.33 278.1 203.7 0.40 0.44
170 3 0.36 0.43 243.9 229.0 0.47 0.59
0.35 a 240.1 a 0.48 a
Cultural System Mean 0.36 a 0.43 b 236.1 a 205.5 a 0.48 a 0.58
C.V., % 14.6 15.4 14.1
N Time 2/ Harvest Index Total N Uptake Nitrogen Harvest Index
----- HI - - kg N /ha — —  NHI —
1 0.39 a 220.8 a 0.53 a
2 0.38 a 225.7 a 0.51 a
3 0.41 a 215.8 a 0.54 a
1/ See Table 2 fo r N application time descrip tion .
2 !  N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t t e r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT. ^
•fa.
Table 14. Relationships as shown by simple corre lation  coeffic ien ts  ( r )  among y ield  components, panicle weights, harvest indexes 
(HI) and nitrogen harvest indexes (NHI) of Hars r ic e  grown on Sharkey clay. Northeast Research S tation . S t. Joseph, 
LA. 1982.
Panicles
m"Z
Florets , 
panicle
Grains 1 
panicle
1000-grain
weight
Harvest
Index
Nitrogen 
Harvest Index
Percent 
s te r i le  f lo re ts
Panicle wt. -0.11 0.79** 0.85** -0.001 -0.14 -0.17 0.22*
Panicles/m 0.01 0.08 -0.24** -0.15 -0.17 0.06
Florets/pan icle 0.83** -0.25** -0.31** -0.33** 0.62**
Grain/panicle -0.17 -0.04 -0.06 -0.06
1000-grain wt. 0.36** 0.35** -0.22*
Harvest Index 0.92** -0.54**
Nitrogen Harvest Index -0.54**
*,** S ignificant a t  the 0.05 and 0.01 levels of p robab ility , respectively .
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a s  p a n i c l e  d e n s i t y  and f l o r e t s  p e r  p a n i c l e  i n c r e a s e ,  t h e  one thousand  
g r a i n  w e ig h t  d e c r e a s e s .  F l o r e t s  p e r  p a n i c l e  showed a s i g n i f i c a n t  
c o r r e l a t i o n  between g r a i n s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s .  
There were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between t h e  we igh t  o f  one 
thousand  g r a i n s ,  f l o r e t s  p e r  p a n i c l e ,  and p e r c e n t  s t e r i l e  f l o r e t s .  HI 
was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  NHI. Th is  was e x p e c t e d  due t o  t h e  
s i m i l a r i t y  o f  t h e i r  d e f i n i t i o n s .  HI a n d  NHI w e r e  f o u n d  t o  h a v e  
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between f l o r e t s  p e r  p a n i c l e  and p e r c e n t  
s t e r i l e  f l o r e t s .  The d a ta  i n d i c a t e s  as  HI and NHI d e c r e a s e ,  f l o r e t s  p e r  
p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s  i n c r e a s e .
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in  Tab le  14 i l l u s t r a t e  how 
t h e  y i e l d  c o m p o n e n t s  i n t e r a c t  a n d  c o m p e n s a t e  f o r  e a c h  o t h e r  i n  
d e t e r m i n in g  t h e  y i e l d  o f  r i c e  (Matsushima, 1964) . The s i g n i f i c a n t  
c o r r e l a t i o n s  w i th  HI,  NHI, a r e  p robab ly  due t o  t h e  s i m i l a r  o r  o p p o s i t e  
r e s p o n s e  o f  H I ,  NHI ,  a n d  t h e  y i e l d  c o m p o n e n t s  t o  N a p p l i c a t i o n s .  
However, t h e  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  o f  p e r c e n t  s t e r i l e  f l o r e t s  
wi th  HI and NHI may be due t o  t h e  mutual  shad ing  e f f e c t  which g e n e r a l l y  
oc c u rs  wi th  i n c r e a s e d  N r a t e s .  Tanaka (1964)  r e p o r t e d  w i th  i n c r e a s e d  N 
r a t e s  t h e r e  i s  a c t i v e  a b s o r p t i o n  and metabol ism o f  N which r e s u l t s  in
l a r g e  i n c r e a s e s  in  dry m a t t e r ,  t i l l e r i n g ,  p l a n t  h e i g h t ,  and l e a f  a re a .
Thus,  t h e  e f f e c t  o f  mutual  shad ing  i n c r e a s e s  w i th  N a d d i t i o n s .  The 
l i m i t e d  l i g h t  s upp ly  t o  each  p l a n t  due t o  mutua l  sha d in g  ca u se s  an 
i m b a l a n c e  b e t w e e n  p h o t o s y n t h e s i s  a n d  r e s p i r a t i o n .  Th i s  abnormal 
p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  l e a v e s  d e c r e a s e s  t h e i r  p h o t o s y n t h e t i c  
a c t i v i t y  and a f f e c t s  t h e  b a l a n c e  between p h o t o s y n t h e s i s  and r e s p i r a t i o n .  
The d e c r e a s e  i n  p h o t o s y n t h e t i c  a c t i v i t y  i s  r e l a t e d  t o  an i n c r e a s e  in
p e r c e n t  s t e r i l e  f l o r e t s .  The f l o r e t s  f a i l  t o  f i l l  due t o  a l ack  o f
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p h o t o s y n t h a t e .
A s i g n i f i c a n t  c o r r e l a t i o n  ( r  = 0.54**)  between p e r c e n t  s t e r i l e  
f l o r e t s  and s t r a w  y i e l d  and s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between HI 
( r  = -0 .8 3 * * ) ,  NHI ( r  = -0.81**)  and s t r a w  y i e l d s  may lend s u p p o r t  t o  t h e  
mutual  shad ing  e f f e c t  ca u s in g  i n c r e a s e d  f l o r e t  s t e r i l i t y  a s  N r a t e s  a r e  
i n c r e a s e d .  These c o r r e l a t i o n s  would s u p p o r t  t h e  mutual shad ing  t h e o r y  i f  
i t  assumed t h e r e  a r e  r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual 
s h a d ing .
The s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  of  p e r c e n t  s t e r i l e  f l o r e t s  
w i th  HI and NHI may a l s o  be e x p la i n e d  by t h e  f i n d i n g s  o f  (Murata ,  1969). 
T h i s  r e s e a r c h e r  a l s o  r e p o r t e d  t h a t  t h e  f l o r e t  s t e r i l i t y  i n c r e a s e d  as t h e  
N r a t e  was i n c r e a s e d .  Murata a t t r i b u t e d  f l o r e t  s t e r i l i t y  t o  a reduced  
number o f  ge rm ina ted  p o l l e n  a t  t h e  s tigma.  Th i s  was a t t r i b u t e d  t o  t h e  
i n c r e a s e d  o c c u r r e n c e  o f  incom ple te  d e h i s c i n g  o f  a n t h e r s  and abnormal 
b e h a v io r  o f  f i l a m e n t s  a t  t h e  t im e  o f  f low er ing .
I I .
MACON RIDGE BRANCH OF THE NORTHEAST RESEARCH STATION 
WINNSBORO, LA. 1982
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t io n  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  o f  Mars r i c e  grown 
on Gigger  s i l t  loam a r e  p r e s e n t e d  in  Table  15. There were s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  c u l t u r a l  sys tems f o r  t h e  accum ula t ion  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  o f  t h e  dry m a t t e r ,  and N up take  by t h e  r i c e  
p l a n t s .  The d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  l a r g e r  v a lu e s  f o r  each of  
t h e s e  v a r i a b l e s .
N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accum ula t ion  of  
dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  and t h e  N up take .  Dry 
m a t t e r  accum ula t io n  i n c r e a s e d  from 1680 kg /ha  (0 N) t o  2970 kg /ha  (170 kg 
N/ha) .  The N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and N up take  in c r e a s e d  from 
1.03% N (0 N) t o  1.67% N (170 kg N/ha) and from 17.6 kg N/ha (0 N) t o  
58.4 kg N/ha (170 kg N/ha) .
There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  accum ula t ion  o f  dry m a t t e r .  There were s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  N a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  
a n d  N u p t a k e .  H o w e v e r ,  a s  p r e s e n t e d  i n  T a b l e  3 ,  N a p p l i c a t i o n  
d i f f e r e n c e s  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  deve lopment  a r e  in  r e a l i t y  
d i f f e r e n c e s  in  N r a t e s .  The b a la n c e  o f  N r a t e  in  t h e  s p l i t  a p p l i c a t i o n s  
had n o t  been a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e  v a r i a b l e s
measured a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  were l a r g e r  when t h e
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Table 15. The Influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter, N concentration in the
dry matter,  and N uptake of Mars rice a t  the mid-t i l lering  stage of development grown on Gigger s i l t  loam. Macon Ridge Branch
of the Northeast Research Station. Winnsboro, LA. 1982.
Dry Matter N Cone. Dry Matter N Uptake
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded 1Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0
kg N /ha
2270 1080 1.05 1.01 24.2 10.9
1680 c 1.03 d 17.6 e
34 1 3340 1920 1.24 1.05 41.8 20.5
34 2 2700 1600 1.13 0.98 30.5 15.9
34 3 2510 1600 1.10 0.98 28.1 15.5
2280 b 1.08 cd 37.0 d
68 1 2610 2280 1.21 1.19 32.2 26.6
68 2 2800 1920 1.17 1.08 32.7 21.7
68 3 3050 1770 1.34 1.05 41.3 19.0
2400 b 1.17 c 43.3 c
102 1 3300 2720 1.84 1.52 60.4 42.7
102 2 3340 1960 1.46 1.23 49.9 23.8
102 3 3200 2420 2.71 1.17 56.7 29.5
2820 a 1.4? b 48.9 b
136 1 4240 2240 1.73 1.62 73.9 36.5
136 2 3720 2530 1.58 1.22 59.5 30.6
136 3 2780 2590 1.38 1.13 37.8 29.3
3020 a 1.44 b 53.3 ab
170 1 3420 2990 2.18 1.65 73.8 49.6
170 2 3240 2280 1.75 1.47 58.3 32.6
170 3 3490 2400 1.63 1.46 56.7 34.1
2970 a 1.67 a 58.4 a
Cultural System Mean 3030 a 2020 b 1.42 a 1.21 b 44.7 a 25.6 b
C.V., % 21.7 17.1 32.4
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
— kg/ha •- — % N - kg N/ha -
1 2680 a 1.43 a 40.6 a
2 2460 a 1.27 b 32.8 b
3 2440 a 1.25 b 32.0 b
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not s ignif icantly  different  a t  the probability  level according to DMRT. cnso
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t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
The i n f l u e n c e  o f  c u l t u r a l  sys tem, N r a t e ,  and t ime  o f  N a p p l i c a t i o n  
on t h e  accum ula t io n  o f  d ry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  o f  Mars 
r i c e  grown on Gigger  s i l t  loam a r e  p r e s e n t e d  in  Tab le  16. There  were 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t ion  
o f  d r y  m a t t e r  and N up take .  The d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  
l a r g e r  v a lu e s  f o r  each o f  t h e s e  v a r i a b l e s .  There  was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  t h e  N c o n c e n t r a t i o n  in t h e  
d ry  m a t t e r .
N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accumula t ion  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  and N up take .  Dry m a t t e r  
accum ula t ion  i n c r e a s e d  from 2750 kg /ha (0 N) t o  5840 kg /ha  (170 kg N/ha) .  
The N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and N up take  i n c r e a s e d  from 1.09% N 
(0 N) t o  1.44% N (170 kg N/ha) and from 28.9 kg N/ha (0 N) t o  83.5 kg 
N/ha (170 kg N/ha) .
There were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  
a n d  N u p t a k e .  H o w e v e r ,  a s  p r e s e n t e d  i n  T a b l e  3 ,  t h e  o n l y  v a l i d  
comparison  t h a t  can be  made a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
development  i s  between t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and where t h e  
t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .  In t h e s e  N a p p l i c a t i o n  
t i m e s  t h e  t o t a l  N r a t e  h a d  b e e n  a p p l i e d .  I n  t h e  t h r e e - w a y  s p l i t  
a p p l i c a t i o n  t h e  b a la n c e  o f  t h e  t o t a l  N r a t e  had no t  been a p p l i e d .  There 
were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two way s p l i t  a p p l i c a t i o n  o f  
N o r  when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  f o r  t h e  
accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  o r  N
Table 16. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter,  N concentration in the dry
matter, and N uptake of Mars r ice  a t  the panicle d iffe ren tia t ion  stage of development grown on Gigger s i l t  loam. Macon Ridge
Branch of the Northeast Research Station. Winnsboro, LA. 1982.
Dry Matter N Cone. Dry Matter N Uptake
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0
kg N /ha
3790 1700 1.09 1.08 41.1 18.4
2750 e 1.09 d 28.9 e
34 1 5780 2990 1.12 1.41 65.3 45.9
34 2 4840 2340 1.03 1.15 50.4 27.5
34 3 4130 2100 1.03 1.10 43.7 22.8
3700 d 1.14 cd 43.5 d
68 1 5230 3560 1.04 1.01 55.0 35.5
68 2 5940 3190 1.28 1,10 76.9 34.7
68 3 5110 2970 1.20 0.93 62.0 27.1
4330 c 1.09 d 48.5 d
102 1 5680 4700 1.23 1.15 69.9 54.6
102 2 6980 3780 1.22 1.54 89.8 56.1
102 3 5190 2990 1.20 1.07 65.1 34.1
4890 b 1.23 be 61.5 c
136 1 7550 4680 1.41 1.19 111.9 56.6
136 2 6170 4170 1.62 1.40 103.9 56.9
136 3 5960 3460 1.17 1.07 70.8 37.1
5330 ab 1.31 b 72.9 b
170 1 7850 4840 1.50 1.66 116.8 77.2
170 2 6350 4800 1.43 1.60 90.5 75.6
170 3 6190 4990 1.30 1.17 82.3 58.8
5840 a 1.44' a 83.5 a
Cultural System Mean 5570 a 3370 b 1.22 a 1.21 a 71.0 a 41.9 b
C.V., % 20.4 16.1 32.2
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
--kg/ha -- — % N - kg N/ha -
1 4850 a 1.26 a 62.7 a
2 4520 a 1.28 a 60.0 a
3 4040 b 1.11 b 46.7 b
1 /  See Table 3 for N application time description.
2/ N time means over cu ltu ra l systems and N ra te s .
Means followed by a coranon le t t e r  are not s ig n ifican tly  d iffe ren t a t the 5£ probability  level according to DMRT.
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u p tak e .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accum ula t io n  o f  dry 
m a t t e r  and N up take  by t h e  d r y  m a t t e r  a t  b o th  t h e  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  development .  In g e n e r a l ,  N up take  
p a r a l l e l e d  accum ula t ion  o f  dry m a t t e r  a t  both p h y s i o l o g i c a l  s t a g e s  o f  
development .  These r e l a t i o n s h i p s  a re  i l l u s t r a t e d  in  F i g u re s  4 and 5.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
development  t h e  a ve rage  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  de c re a s e d  from 
1.32 t o  1.22% N. The accum ula t ion  of  dry m a t t e r  and N up take  by t h e  r i c e  
p l a n t s  a v e ra g e s  i n c r e a s e d  from 2530 t o  4470 kg /ha  and from 35.2 t o  56.5 
kg N/ha.  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  55% and 51% o f  t h e  
t o t a l  v a r i a t i o n  in  g r a i n  y i e l d  cou ld  be  accoun ted  f o r  by t h e  accumula t ion  
o f  dry m a t t e r  and t h e  N c o n c e n t r a t i o n  in t h e  d r y  m a t t e r  a t  t h e  mid- 
t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  development .  At t h e  mid- 
t i l l e r i n g  s t a g e  o f  deve lopment  app rox im ate ly  28% o f  t h e  t o t a l  N had been 
t a k e n  up. Th i s  p e rc e n ta g e  in c r e a s e d  t o -38% o f  t h e  t o t a l  N up take  a t  t h e  
p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between N u p take  a t  t h e  mid- 
t i l l e r i n g  ( r  = 0.60**) and t h e  p a n i c l e  d i f f e r e n t i a t i o n  ( r  = 0.62**) 
s t a g e s  o f  development  wi th  g r a i n  y i e l d .  R e g re s s io n  a n a l y s i s  i n d i c a t e d  
t h a t  48  and 39% o f  t h e  v a r i a t i o n  in  g r a i n  y i e l d  cou ld  be e x p la i n e d  by N 
up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  ( F i g u r e s  6 and 
7 ) .  The d a t a  i l l u s t r a t e s  t h e  importance  of  e a r l y  s e ason  N. The p r e p l a n t  
o r  p r e f l o o d  a p p l i c a t i o n s  a r e  e s p e c i a l l y  i n p o r t a n t  s i n c e  t h e  approximate  
28% o f  t h e  t o t a l  N t a k e n  up a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
ac coun te d  f o r  48% o f  t h e  v a r i a t i o n  in g r a i n  y i e l d .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems
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Fig u re  4 .  R e l a t i o n s h i p  between t h e  accum ula t ion  o f  dry  m a t t e r  and 
N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  o f  
Mars r i c e  grown on Gigge r  s i l t  loam. Macon Ridge Branch 
o f  t h e  N o r t h e a s t  Research  S t a t i o n .  Winnsboro,  LA. 1982. 
* * , S i g n i f i c a n t  a t  t h e  0.01  l e v e l  o f  p r o b a b i l i t y .
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F igu re  5.  R e l a t i o n s h i p  between t h e  accum ula t ion  o f  dry m a t t e r  and 
N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  d e v e lo p ­
ment o f  Mars r i c e  grown on Gigger  s i l t  loam. Macon Ridge 
Branch o f  t h e  N o r t h e a s t  Research S t a t i o n .  Winnsboro,  LA. 
1982. * * , S i g n i f i c a n t  a t  t h e  0 .01  l e v e l  o f  p r o b a b i l i t y .
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Fig u re  6.  R e l a t i o n s h i p  between N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  
o f  development  and g r a i n  y i e l d  o f  Mars r i c e  grown on 
Gigger  s i l t  loam. Macon Ridge Branch o f  t h e  N o r th e a s t  
Research S t a t i o n .  Winnsboro,  LA. 1982. * * , S i g n i f i c a n t  
a t  t h e  0 .01  l e v e l  o f  p r o b a b i l i t y .
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Figu re  7. R e l a t i o n s h i p  between N up take  a t  t h e  p a n i c l e  d i f f e r e n ­
t i a t i o n  s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars
r i c e  grown on Gigger  s i l t  loam. Macon Ridge Branch
o f  t h e  N o r t h e a s t  Research  S t a t i o n .  Winnsboro,  LA.
1982. * * , S i g n i f i c a n t  a t  t h e  0.01  l e v e l  o f  p r o b a b i l i t y .
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f o r  p l a n t  h e i g h t  o r  lodg ing .  However, t h e  d r i l l - s e e d e d  r i c e  had t a l l e r  
p l a n t s  and a g r e a t e r  lodg in g  index (Table  17) .  P l a n t  h e i g h t  and lodg ing  
were s i g n i f i c a n t l y  i n f l u e n c e d  by N a p p l i c a t i o n .  P l a n t  h e i g h t  and lodging 
i n c r e a s e d  p r o p o r t i o n a l l y  t o  N a d d i t i o n s .  There were no s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  p l a n t  h e i g h t  o r  lodging .  
However, both p l a n t  h e i g h t  and lodg ing  were g r e a t e s t  when N was a p p l i e d  
as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
There was a s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  system f o r  
g r a i n  y i e l d  (T a b le  17). The d r i l l - s e e d e d  r i c e  o u t  y i e l d e d  t h e  w a te r -  
seeded r i c e  1200 kg/ha as an average  o f  a l l  r a t e s  o f  a p p l i e d  N. I t  was 
obse rved  du r ing  t h e  growing season  t h a t  t h e  w a t e r - s e e d e d  p l o t s  were l e s s  
un iform in terms  o f  p l a n t  d e n s i t y  and were s e v e r e l y  i n f e s t e d  wi th  reds tem 
( Ammania a u r i c u l a t a ). The lack  o f  s t a n d  u n i f o r m i ty  and weed i n f e s t a t i o n  
may have in f l u e n c e d  t h e  s i g n i f i c a n t  d i f f e r e n c e s  in g r a i n  y i e l d  between 
t h e  c u l t u r a l  s y s t e m s .  N i t r o g e n  r a t e  a n d  t i m e  o f  a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  g r a i n  y i e l d .  N i t rogen  i n c r e a s e d  g r a i n  y i e l d s  
from 5440 kg /ha  (0 N) t o  8560 kg /ha  (170 kg N/ha) .  Gra in  y i e l d s  were 
maximized when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
S ince  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
and among t h e  N a p p l i c a t i o n  t im es  f o r  g r a i n  y i e l d s ,  r e g r e s s i o n  a n a l y s i s  
was performed by t h e  c u l t u r a l  systems and N a p p l i c a t i o n  t im es  ( F ig u r e s  8 
and 9 ) .  For bo th  t h e  d r i l l - s e e d e d  and w a t e r - s e e d e d  r i c e ,  t h e r e  was a 
s i g n i f i c a n t  l i n e a r  r e s p o n s e  t o  a p p l i e d  N a t  each  N a p p l i c a t i o n  t ime.  
However, f o r  bo th  c u l t u r a l  s y s te m s ,  t h e  l a r g e s t  i n c r e a s e  in  g r a i n  y i e l d  
p e r  k i lo g ram  o f  N a p p l i e d  o c c u r r e d  when t h e  t o t a l  N r a t e  was a p p l i e d  
p r e p l a n t  o r  p r e f l o o d .  However, i t  i s  no ted t h a t  c a r e  must be e x e r c i s e d  
in  us ing  t h e  r e g r e s s i o n  e q u a t i o n s  in c h a r a c t e r i z i n g  g r a i n  y i e l d s  due t o
Table 17. The influence of cultural system, N ra te ,  and time of N application on plant height, lodging index (LI) and yield of Mars
rice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station. Winnsboro, LA. 1982.
Plant Height
Cultural System Drill-Seeded Water-Seeded
N Rate N Time y
Lodging Index 
Drill-Seeded Water-Seeded
Grain Yield 3 12% Moisture
Drill-Seeded Water-Seeded
kg/ha LI kg/ha
N Time 2/ Plant Height 
 cm -----
Lodging Index 
 L I -----
106 a 
104 a 
104 a
0.93 a 
0.83 a 
0.51 a
y  See Table 3 for N application time description.
21 N time means over cultural systems and N ra tes .
Means followed by a comron l e t t e r  are not s ignificantly
0 96 95 0 0 6330 4560
96 e 0 c 5440 e
34 1 101 99 1.58 0 7530 6320
34 2 103 97 0.45 0 7210 5180
34 3 99 100 0 0 6420 5700
100 d 0.34 be 6390 d
68 1 100 99 0 0 7190 6300
68 2 104 98 1.80 0 7150 7870
68 3 109 102 0 0 7840 6370
102 d 0.30 be 6790 cd
102 1 108 108 1.23 0 7700 7440
102 2 110 103 2.25 0.88 7560 5960
102 3 110 101 2.25 0.19 8090 6630
107 c 1.13 ab 7230 c
136 1 114 113 2.30 0.88 8100 7800
136 2 111 105 2.20 0.05 8460 6990
136 3 110 106 1.20 0.10 8060 7280
110 b 1.09 ab 7790 ab
170 1 121 111 3.49 1.80 9380 8800
170 2 115 112 2.03 0.53 8410 7760
170 3 111 112 2.03 0.35 9170 7730
113 a 1.70 a 8560 a
Cultural System Mean 106 a 103 a 1.26 a 0.27 a 7640 a 6440
C.V., % 5.3 186.4 12.5
Grain Yield 0 12% Moisture
-  kg/ha -
7310 a 
6970 ab 
6820 b
d iffe ren t a t the 5% probability  level according to DMRT. CTi
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Figu re  8 .  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on t h e  g r a i n  
y i e l d  o f  d r i l l - s e e d e d  Mars r i c e  grown on Gigge r  s i l t  
loam. Macon Ridge Branch o f  t h e  N o r t h e a s t  Research 
S t a t i o n .  Winnsboro,  LA. 1982. * ,* *  S i g n i f i c a n t  a t
t h e  0 .05  and 0.01  l e v e l s  o f  p r o b a b i l i t y ,  r e s p e c t i v e l y .
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Figu re  9.  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on t h e  g r a i n  
y i e l d  o f  w a t e r - s e e d e d  Mars r i c e  grown on Gigger  s i l t  
loam. Macon Ridge Branch o f  t h e  N o r t h e a s t  Research 
S t a t i o n .  Winnsboro,  LA. 1982. * * , S i g n i f i c a n t  a t  t h e
0 .01  l e v e l  o f  p r o b a b i l i t y .
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the low coe ffic ien ts  of determinations.
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  f l o r e t s  p e r  p a n i c l e  o r  p e r c e n t  s t e r i l e  f l o r e t s  (Table  18) .  However, 
t h e  d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  g r e a t e r  p a n i c l e  d e n s i t y  (432
p
p a n i c l e s / m  ) when compared t o  t h e  w a te r - s e e d e d  r i c e  (374 p a n i c l e s  m ) 
(Tab le  18). N i t roge n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  p a n i c l e s  pe r
square  m e t e r ,  f l o r e t s  p e r  p a n i c l e ,  and p e r c e n t  s t e r i l e  f l o r e t s .  P a n i c l e
-2 -2 d e n s i t y  v a r i e d  from 363 p a n i c l e s / m  (0 N) t o  445 p a n i c l e s / m  (136 kg
N/ha) .  F l o r e t s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s  v a r i e d  from 75 (0
N) t o  119 (170 kg N/ha) f l o r e t s  pe r  p a n i c l e  and from 9.4% (34 kg N/ha) t o
13.1% (170 kg N/ha) p e r c e n t  s t e r i l e  f l o r e t s .  There were no s i g n i f i c a n t
d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t im e s  f o r  p a n i c l e s  p e r  sq u a re
m e t e r ,  f l o r e t s  p e r  p a n i c l e  o r  p e r c e n t  s t e r i l e  f l o r e t s .  However, t h e
g r e a t e s t  p a n i c l e  d e n s i t y  and f l o r e t  s t e r i l i t y  o c c u r r e d  when t h e  t o t a l  N
r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  mid- 
t i l l e r i n g  and p a n i c l e s  p e r  sq u a re  m e t e r  ( r  = 0.44**) and between N up take  
a t  p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  p e r  p a n i c l e  ( r  = 0.39**) . Th i s  i s  
in  agreement  w i th  Murayama (1979) who found p o s i t i v e  c o r r e l a t i o n s  between 
N uptake  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  wi th  t h e s e  two 
y i e l d  components .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  number o f  g r a i n s  p e r  p a n i c l e  o r  p a n i c l e  w e ig h t  (Table  19).  
However, t h e  d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  h e a v i e r  we igh t  o f  one 
t h o u s a n d  g r a i n s  ( T a b l e  1 9 ) .  N i t r o g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  
i n f l u e n c e d  t h e  number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  
weight  and t h e  p a n i c l e  w e igh t .  In g e n e r a l  t h e  number o f  g r a i n s  p e r
Table 18. The influence of cultural system, N ra te ,  and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s t e r i l e  f lo re ts  of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station.
Winnsboro, LA. 1982.
Panicles Per Square Meter F lorets Per Panicle Per Cent S te rile  Florets
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Dri11-Seeded1 Water-Seeded
kg/ha
0
34
34
34
1
2
3
2
416 309 71 78 7.4 11.7
363 b
414
374
407
304
330
362
92
100
92
?5 d
92
83
99
7.8
6.2
6.3
9.6 b
7.6
11.3
17.1
365 b 93 c 9.4 b
68 1 392 362 90 109 6.7 9.0
68 2 490 453 95 80 8.0 8.5
68 3 397 377 96 99 6.9 8.7
412 ab 95 c 8.0 b
102 1 432 375 116 114 7.2 8.3
102 2 421 373 116 121 9.5 12.9
102 3 416 462 116 78 7.8 13.5
413 ab 110 ab 9.7 ab
136 1 546 443 96 105 17.0 14.0
136 2 430 455 102 93 6.0 10.4
136 3 430 369 104 115 7.9 13.3
445 a lo2 be 11.5 ab
170 1 444 450 116 125 21.2 13.1
170 2 420 333 119 106 10.1 11.6
170 3 512 353 116 129 8.1 14.5
420 ab 119 a 13.1 a
Cultural System Mean 432 a 374 b 99 a 99 a 8.8 a 11.6 a
C.V., % 22.6 19.1 54.1
N Time 2/ Panicles Per Square Meter F lorets Per Panicle Per Cent S te r ile  F lorets
1 409 a 99 a 11.2 a
2 398 a 99 a 9.3 a
3 398 a 99 a 10.1 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not s ignif icantly  different  a t  the 5% probability level according to DMRT. ro
Table 19. The influence of cultural system, N ra te ,  and time of N application on the number of grains per panicle, the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast
Research Station. Winnsboro, LA. 1982.
Grains Per Panicle 1000 Grain Weight Panicle Weight
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time \ f
kg/ha No. grams grams
0 66 69 25.1 23.9 1.68 1.71
68 d 24.5 c 1.70 d
34 1 84 85 24.7 23.2 2.12 1.99
34 2 93 74 24.5 24.6 2.28 1.88
34 3 86 83 25.2 23.8 2.19 2.05
84 c 24.3 be 2.09 c
68 1 84 99 25.2 23.7 2.15 2.41
68 2 87 73 24.2 23.5 2.14 1.77
68 3 89 91 25.8 23.8 2.32 2.29
8? c 24.4 be 2.17 c
102 1 108 105 24.7 23.2 2.71 2.47
102 2 104 104 24.6 23.1 2.62 2.49
102 3 106 67 24.5 23.3 2.64 1.80
99 ab 23.9 ab 2.46 ab
136 1 78 90 23.9 22.9 1.98 2.14
136 2 96 83 24.4 23.7 2.36 2.01
136 3 96 100 25.5 23.5 2.46 2.44
90 be 24.0 ab 2.23 be
170 1 91 109 23.5 22.9 2.29 2.58
170 2 107 94 23.9 22.9 2.61 2.21
170 3 107 110 24.7 23.3 2.69 2.68
103 a 23.5 a 2.51 a
Cultural System Mean 90 a 87 a 24.7 a 23.5 b 2.25 a 2.31
C.V., I 20.8 3.2 20.5
N Time 2/ Grains Per Panicle 1000 Grain Weight Panicle Weight
—  No. — — grams - — - —  grams —-
1 88 a 23.9 a 2.17 a
2 88 a 24.0 a 2.17 a
3 89 a 24.4 b 2.23 a
1/ See Table 3 for N application time description.
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a cotimon le t t e r  are not sig n ifican tly  d iffe ren t a t the 5?, probability  level according to DMRT.
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p a n i c l e  and t h e  p a n i c l e  w e ig h t s  i n c r e a s e d  p r o p o r t i o n a l l y  t o  N 
a d d i t i o n s .  C o n v e r s e ly ,  t h e  one thousand  g r a i n  we igh t  de c re a s ed  from 24.5 
g (0 N) t o  23.5 g (170 kg N/ha) .  There  were no s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  N a p p l i c a t i o n  t im e s  f o r  t h e  number o f  g r a i n s  p e r  p a n i c l e  o r  t h e  
p a n i c l e  weight .  However, t h e  one thousand  g r a i n  we igh t  was s i g n i f i c a n t l y  
h e a v i e r  when N was a p p l i e d  as  a t h r e e  way s p l i t  a p p l i c a t i o n .  Th is  i s  in  
agreement  wi th  Murata  (1969) who found t h a t  t h e  s m a l l e r  t h e  p r e p l a n t  o r  
p r e f l o o d  a p p l i c a t i o n  o f  N t h e  l a r g e r  t h e  e f f e c t  o f  t o p d r e s s i n g  on t h e  one 
thousand  g r a i n  weight .
M u l t i p l e  r e g r e s s i o n  a n a l y s e s  i n d i c a t e d  t h a t  43% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accounted  f o r  by p a n i c l e  d e n s i t y ,  t h e  
number o f  g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  we ight .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  s t r a w  y i e l d s ,  t h e  N c o n c e n t r a t i o n  in t h e  s t r a w ,  o r  N up take  (Tab le
2 0 ) .  However, t h e r e  was more s t r a w  produced and more N up take  in t h e  
d r i l l - s e e d e d  r i c e .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  
s t r a w  y i e l d ,  t h e  N c o n c e n t r a t i o n  in  t h e  s t r a w ,  and t h e  N up take .  The 
s t r a w  y i e l d  i n c r e a s e d  from 5320 kg /ha  (0 N) t o  9350 kg /ha  (170 kg N/ha) .  
The N c o n c e n t r a t i o n  in t h e  s t r a w  and N up take  i n c r e a s e d  from 0.57% (34 kg 
N/ha) t o  0.70% N (170 kg N/ha) and from 33.4 kg N/ha (0 N) t o  67.8 kg 
N/ha (170 kg N /ha) .  There  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  t h e  y i e l d  o f  s t raw.  When N was a p p l i e d  as s p l i t  
a p p l i c a t i o n s ,  t h e r e  was s i g n i f i c a n t l y  l e s s  s t r a w  produced compared t o  
when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .  There  were no 
s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t i m e s  f o r  t h e  N 
c o n c e n t r a t i o n  i n  t h e  s t r a w  o r  N u p t a k e .  H o w e v e r ,  b o t h  t h e  N 
c o n c e n t r a t i o n  and N up take  were l a r g e r  when t h e  t o t a l  N r a t e  was a p p l i e d
Table 20. The influence of cultural system, N ra te ,  and time of N application on the yield of straw, N concentration in the straw, and
N uptake by the straw of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station. Winnsboro,
LA. 1982.
Straw Yield N Cone. Straw N Uptake Straw
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  k g /h a ......................................... - ................* N .........................  kg N /ha
0 6560 4070 0.60 0.63 40.4 26.5
5320 c 6.61 bed 33.4 b
34 1 8390 5000 0.62 0.61 53.2 31.4
34 2 6460 4270 0.54 0.60 34.9 25.9
34 3 7500 5690 0.50 0.58 37.1 33.0
6220 c 0.57 d 35.9 b
68 1 7340 6380 0.59 0.55 43.1 34.9
68 2 10360 7120 0.59 0.59 64.7 41.9
68 2 8170 5460 0.62 0.61 51.1 33.4
7470 b 0.59 cd 44.9 b
102 1 11110 7580 0.59 0.70 66.6 54.4
102 2 9610 7380 0.64 0.78 70.4 57.5
102 3 9580 6390 0.68 0.65 69.3 41.3
8610 a 0.67 ab 59.9 a
136 1 12840 9890 0.75 0.65 101.0 65.4
136 2 8700 6780 0.62 0.62 53.4 43.1
136 3 8450 6190 0.59 0.66 49.6 41.5
8810 a 0.65 -abc 59.0 a
170 1 11000 9430 0.74 0.68 83.5 64.7
170 2 10290 6850 0.71 0.62 82.5 42.8
170 3 11130 7390 0.70 0.73 81.7 51.9
9350 a 0.70 a 67.8 a
Cultural System Mean 8920 a 6330 a 0.62 a 0.64 a 59.1 ii 41.3
C.V., % 25.9 17.0 40.5
N Time 2/ Straw Yield N Cone. Straw N Uptake Straw
— kg/ha — ----- % N ------- - kg N /  ha —
1 8290 a 0.64 a 55.5 a
2 7400 b 0.63 a 49.2 a
3 7190 b 0.62 a 45.9 a
1/ See Table 3 for N application time description.
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t te r  are not sig n ifican tly  d iffe re n t a t the 5% probability  level according to  DMRT.
76
p r e p l a n t  o r  p r e f l o o d .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  N c o n c e n t r a t i o n  in  t h e  g r a i n  o r  N absorbed  by t h e  g r a i n  (Table
21) .  N i t roge n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N c o n c e n t r a t i o n  
i n  t h e  g r a i n  a n d  N u p t a k e .  Th e  N c o n c e n t r a t i o n  i n  t h e  g r a i n  was  
r e l a t i v e l y  c o n s t a n t  v a ry in g  on ly  from 1.34 t o  1.43% N o v e r  t h e  N r a t e s .  
The N up take  i n c r e a s e d  from 70.6 kg N/ha (0 N) t o  122.7 kg N/ha (170 kg 
N/ha).  There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  
t im es  f o r  t h e  N c o n c e n t r a t i o n  in t h e  g r a i n  o r  N up take .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  h a r v e s t  index ( HI ) ,  t h e  t o t a l  N u p t a k e ,  o r  t h e  n i t r o g e n  h a r v e s t  index 
(NHI) (Table  22) .  The o v e r a l l  HI f o r  bo th  c u l t u r a l  systems  was 0.49. By 
n o t in g  t h e  c u l t u r a l  system g r a i n  y i e l d s  (Table  17) i t  can be concluded 
t h a t  t h e  d r i l l - s e e d e d  r i c e  was more p r o d u c t i v e  i n  t o t a l  d ry  m a t t e r  
accum ula t io n  y e t  t h e  same p r o p o r t i o n  o f  t h e  dry  m a t t e r  was g r a i n  in both 
c u l t u r a l  systems.
N i t roge n  a p p l i c a t i o n  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  HI o r  NHI. 
However, t h e r e  was a g e n e ra l  d e c re a s e  i n  HI and NHI w i th  N a d d i t i o n s .  
N i t rogen  s i g n i f i c a n t l y  i n c r e a s e d  t h e  t o t a l  N up take  from 104.1 kg N/ha (0 
N) t o  190.6 kg n /ha  (170 kg N/ha) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  N a p p l i c a t i o n  t im e s  f o r  HI, NHI, o r  t o t a l  N up take .  However, 
HI and NHI were t h e  l a r g e s t  when N was a p p l i e d  a s  a t h r e e -w a y  s p l i t  
a p p l i c a t i o n .  C o n v e r s e ly ,  t o t a l  N up take  was t h e  l a r g e s t  when t h e  t o t a l  N 
r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
R e l a t i o n s h i p s  as shown by s imple c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  components ,  p a n i c l e  w e i g h t s ,  h a r v e s t  in dexes  (HI)  and N h a r v e s t  
in dexes  (NHI) a r e  p r e s e n t e d  in Tab le  23.
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Table 21. The Influence of cultural  system, N ra te ,  and time of N application on N concentration
in the grain and N uptake by the grain of Mars r ice  grown on Gigger s i l t  loam. Macon
Ridge Branch of the Northeast Research Station. Winnsboro, LA. 19B2.
N Cone. Grain 
Cultural System Drill-Seeded Water-Seeded 
N Rate N Time 1/
N Uptake Grain 
Drill-Seeded Water-Seeded
*y/ net 
0 1.38 1.45 84.9
• n i  ua
56.4
1.41 ab ?0.6 c
34 1 1.35 1.34 107.7 72.6
34 2 1.27 1.46 81.2 62.3
34 3 1.26 1.43 94.0 69.0
1.35 be 81.1 be
63.................. . . . .  1 i-3 5 1.30 92.9 87.9
68 2 1.38 1.33 116.7 74.9
68 3 1.35 1.32 110.7 76.6
1.34 c 93.3 b
102 1 1.33 1.37 131.1 101.0
102 2 1.39 1.38 126.6 87.9
102 3 1.41 1.43 146.6 96.0
1.38 abc 114.9 a
136 1 1.38 1.49 126.5 115.3
136 2 1.31 1.46 112.7 103.0
136 3 1.34 1.43 120.3 101.3
1.40 abc 113.2 a
170 1 1.57 1.38 135.0 122.5
170 2 1.39 1.45 145.2 91.1
170 3 1.34 1.46 140.9 101.8
1.43 a 122.7 a
Cultural System Mean 1.36 a 1.41 a 113.5 a 85.1
C.V., % 7.8 26.4
N Time 2/ N Cone. Grain N Uptake Grai n
- —  % N - kg N /  ha - -
1 1.39 a 102.3 a
2 1.39 a 96.3 a
1/
2/
3 1.38 a
See Table 3 fo r N application  time descrip tion . 
N time means over c u ltu ra l systems and N ra te s .
99.3 a
Means followed by a common le t t e r  are not s ig n ific a n tly  d iffe re n t a t  the 5% probab ility  
level according to DMRT.
Table 22. The influence of cultural system, N ra te ,  and time of N application on Harvest Index (HI) to ta l  nitrogen uptake, and Nitrogen
Harvest Index (NHI) of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station. Winnsboro,
LA. 1982.
Harvest Index Total N Uptake Nitrogen Harvest Index
Cultural System Drill-Seeded Hater-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time U
kg/ha
0 0.49
HI
0.49 a
0.48
  kg N /ha -----------
125.2 82.9
104.1 c
0.69
NHI
0.69 a
0.68
34
34
34
0.50 0.52
0.50 0.50
0.50 0.46
0.50 a
160.8 104.0
116.1 88.2
131.0 102.0
------------11/.1 be---------
0.69
0.70
0.72
0.70 a
0.71
0.71
0.67
68
68
68
0.49 0.51
0.46 0.44
0.50 0.52
 0 9 1 ------------
136.0 122.9
181.4 116.8
161.8 110.0  nsm ------
0.69 0.72
0.67 0.64
0.69 0.70
0.88 a
102
102
102
0.47 0.49
0.50 0.46
0.52 0.51
0.49 a
197.7 155.5
197.0 145.4
215.9 137.2
174.8 a “
0.67
0.69
0.69
0.67 a
0.66
0.60
0.70
136
136
136
1
2
3
0.43
0.50
0.52
0.44
0.50
0.53
227.6
166.1
169.9
180.7 
146.3
142.7
0.58
0.68
0.71
0.65
0.70
0.71
0.48 a 172.2 a 0.67 a
170 1 0.44 0.49 218.5 187.2 0.63 0.66
170 2 0.50 0.48 227.7 133.9 0.67 0.68
170 3 0.49 0.49 222.7 153.6 0.65 0.66
0.48 a 190.6 a 0.66 a
Cultural System Mean 0.49 a 0.49 a 172.5 a 126.4 a 0.68 a 0.68
C.V., % 9.5 15.4 14.1
N Time 2/ Harvest Index Total N Uptake Nitrogen Harvest Index
----- HI - — kg N /ha — NHI —
1 0.48 a 157.9 a 0.67 a
2 0.49 a 145.5 a 0.68 a
3 0.50 a 145.1 a 0.69 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not significantly  different  a t  the 55! probability level according to DMRT.
Table 23. Relationships as shown by simple corre lation  co effic ien ts (r)  among y ield  components, panicle weights, harvest indexes 
(HI) and nitrogen harvest indexes (NHl) of Mars rice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast 
Research S tation . Winnsboro, LA. 1982.
Panicles
m'2
Florets _j 
panicle
Grains , 
panicle
1000-grain
weight
Harvest
Index
Nitrogen 
Harvest Index
Percent 
s te r i le  f lo re ts
Panicle wt. -0.05 0.95** 0.98** 0.01 0.22** -0.11 -0.06
_2Panicles/m -0.003 -0.05 -0.08 -0.25** -0.26** 0.13
Florets/pan icle 0.96** -0.20* 0.08 -0.25** 0.18*
Grain/panicle -0.10 0.21** -0.11 -0.10
1000-grain wt. 0.25** 0.25** -0.39**
Harvest Index 0.77** -0.45**
Nitrogen Harvest Index -0.49**
*,** S ignificant a t  the 0.05 and 0.01 levels o f p robab ility , respectively .
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P a n i c l e  weight  was most h i g h ly  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  g r a i n s  
p e r  p a n i c l e .  There were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between HI, 
NHI ,  a n d  p a n i c l e s  p e r  s q u a r e  m e t e r  i m p l y i n g  a s  p a n i c l e s  d e n s i t y  
i n c r e a s e s ,  HI and NHI d e c r e a s e .  There  was a s i g n i f i c a n t  c o r r e l a t i o n  
between g r a i n s  p e r  p a n i c l e  and f l o r e t s  p e r  p a n i c l e .  NHI and t h e  one 
th ousa nd  g r a i n  w e ig h t  were bo th  found t o  have  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n s  wi th  f l o r e t s  p e r  p a n ic l e .  The d a ta  im p l ie s  as f l o r e t s  pe r  
p a n i c l e  i n c r e a s e ,  t h e  one thousand  g r a i n  we igh t  and NHI d e c r e a s e .  HI and 
NHI were s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  we igh t  o f  one thousand  g r a i n s .  
HI was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  NHI. Th is  was e xpec ted  due t o  t h e  
s i m i l a r i t y  o f  t h e i r  d e f i n i t i o n s .  HI and NHI were both found t o  have 
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  w i th  p e r c e n t  s t e r i l e  f l o r e t s .
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in Tab le  23 i l l u s t r a t e  how t h e  
y i e l d  components i n t e r a c t  and compensate  each o t h e r  in  d e te r m in in g  t h e  
y i e l d  o f  r i c e  (Mura ta ,  1964). The s i g n i f i c a n t  c o r r e l a t i o n s  with HI and 
NHI a r e  p robab ly  due t o  t h e  s i m i l a r  o r  o p p o s i t e  r e sponse  o f  HI, NHI,  and 
t h e  y i e l d  components  t o  N a p p l i c a t i o n s .  However, t h e  s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  o f  p e r c e n t  s t e r i l e  f l o r e t s  w i th  HI and NHI may be 
due t o  t h e  mutual  s h a d in g  e f f e c t  o r  t h e  reduced  number o f  ge rm ina ted  
p o l l e n  a t  t h e  s t igma d i s c u s s e d  p r e v i o u s l y  in  S e c t i o n  I .  Both t h e  mutual 
shad in g  e f f e c t  and t h e  r e d u c t i o n  in  t h e  number o f  ge rm ina te d  p o l l e n  
i n c r e a s e  as  N r a t e s  a r e  i n c r e a s e d .  A s i g n i f i c a n t  c o r r e l a t i o n  ( r  =
0.25**) between p e r c e n t  s t e r i l e  f l o r e t s  and s t r a w  y i e l d  and s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  between HI ( r  = -  0 .39**) ,  NHI ( r  = -  0.56**) and 
s t r a w  y i e l d  may l end  s u p p o r t  t o  t h e  mutual  shad ing  e f f e c t  c a u s in g  
i n c r e a s e d  f l o r e t  s t e r i l i t y  a s  N r a t e s  a r e  i n c r e a s e d .  These c o r r e l a t i o n s  
would s u p p o r t  t h e  mutual  shad in g  t h e o r y  i f  i t  i s  assumed t h e r e  a r e
r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual  s h a d in g .
I I I .
RICE RESEARCH STATION 
CROWLEY, LA. 1982
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t ime o f  N a p p l i c a t i o n  
on t h e  accum ula t io n  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry  m a t t e r  
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  o f  Mars r i c e  grown 
on Crowley s i l t  loam a r e  p r e s e n t e d  in Tab le  24. The d r i l l - s e e d e d  r i c e  
accumula ted s i g n i f i c a n t l y  more d r y  m a t t e r  t h a n  t h e  w a t e r - s e e d e d  r i c e .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
t h e  N c o n c e n t r a t i o n  in  t h e  dry  m a t t e r  o r  N up take .  However, t h e  d r i l l -  
seeded r i c e  had a h i g h e r  N c o n c e n t r a t i o n  and g r e a t e r  N uptake.
Ni t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f lu e n c e d  t h e  accum ula t io n  of  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r ,  a n d  N u p t a k e .  Th e  
accum ula t ion  o f  dry m a t t e r  i n c r e a s e d  from 1280 kg /ha  (0 N) t o  2290 kg /ha 
(170 kg N/ha) .  The N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r  and N up take  
i n c r e a s e d  from 1.15* N (0 N) t o  2.42* N (170 kg N/ha) and from 14.7 kg 
N/ha (0 N) t o  55.6 kg N/ha (170 kg N/ha).
There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im e s  
f o r  t h e  accum ula t ion  o f  dry  m a t t e r .  There were s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  N a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
a n d  N u p t a k e .  H o w e v e r ,  a s  p r e s e n t e d  i n  T a b l e  3 ,  N a p p l i c a t i o n  
d i f f e r e n c e s  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  deve lopment  a r e  i n  r e a l i t y  
d i f f e r e n c e s  i n  N r a t e s .  T h e  b a l a n c e  o f  t h e  N r a t e  i n  t h e  s p l i t  
a p p l i c a t i o n s  had no t  been a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e  
v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  were l a r g e s t
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Table 24. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter,  N concentration in the
dry matter, and N uptake of Mars rice a t  the m id-t i l le r ing  stage of development grown on Crowley s i l t  loam. Rice Research
Station. Crowley, LA. 1982.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural 
N Rate
System 
N Time \ /
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0
■ kg N /ha
1430 1120 1.14 1.16 16.2 13.1
1280 d 1.1'5 f 14.7 c
34 1 2260 1510 1.58 1.45 35.0 22.2
34 2 1930 1480 1.39 1.44 26.8 21.7
34 3 2260 1280 1.54 1.33 35.1 17.1
1790 c 1.46 e 26.3 b
68 1 2430 2120 1.84 1.99 44.0 39.4
68 2 2100 1770 1.60 1.51 32.5 26.7
68 3 2370 1570 1.68 1.32 38.6 20.9
2060 be 1.66 d 33.7 b
102 1 2720 2070 2.49 1.98 67.2 40.6
102 2 2760 2310 1.74 1.84 47.0 43.3
102 3 2730 2240 1.96 1.70 53.5 38.0
2470 a 1.95 c 48.3 a
136 1 2480 2060 2.67 2.50 62.6 51.7
136 2 2380 2360 2.39 2.02 58.2 50.0
136 3 2680 1950 2.13 1.69 57.8 33.1
2320 ab 2.23 b 52.2 a
170 1 2140 2510 2.93 2.54 63.0 63.6
170 2 2630 1860 2.47 2.31 64.7 43.3
170 3 2320 2270 2.20 2.10 51.2 47.9
2290 ab 2.42 a 55.6 a
Cultural System Mean 2350 a 1910 b 1.99 a 1.80 a 47.1 a 35.8 a
C.V., % 22.53 13.77 28.36
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha — ■ IN  - - kg N/ha -
1 2230 a 2.20 a 48.9 a
2 2160 a 1.87 b 41.4 b
3 2170 a 1.76 b 39.3 b
1/ See Table 3 fo r N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a comnon l e t t e r  are not s ignif icantly  different  a t  the 5% probability level according to DMRT.
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when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  a c cum ula t ion  o f  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  o f  Mars 
r i c e  grown on Crowley s i l t  loam a r e  p r e s e n t e d  in  Tab le  25. There  were no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t ion  
o f  d ry  m a t t e r  o r  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r .  However, t h e  
d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  g r e a t e r  N up take  t h a n  t h e  w a t e r -  
s eeded r i c e .
N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accum ula t io n  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r ,  a n d  N u p t a k e .  The  
accum ula t ion  o f  dry  m a t t e r  i n c r e a s e d  from 2450 kg /ha  (0 N) t o  6920 kg/ha 
(170 kg N/ha ) .  The N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r  and N up take  
i n c r e a s e d  from 1.04% N (0 N) t o  1.73% N (170 kg N/ha) and from 26.6 kg 
N/ha (0 N) t o  120.4 kg N/ha (170 kg N/ha) .
There were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  
and N up take  by t h e  dry  m a t t e r .  However, a s  p r e s e n t e d  in Tab le  3 ,  t h e  
on ly  v a l i d  compar ison t h a t  can be made a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e  o f  deve lopment  i s  between t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and a 
s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  In t h e s e  N a p p l i c a t i o n  t im es  
t h e  t o t a l  N r a t e  had been a p p l i e d .  In t h e  t h r e e - w a y  s p l i t  a p p l i c a t i o n  
t h e  b a l a n c e  o f  t h e  t o t a l  N r a t e  had no t  been a p p l i e d .  There was no 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  tw o-w ay  s p l i t  a p p l i c a t i o n  o r  t h e  
s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  f o r  t h e  N c o n c e n t r a t i o n  o f  t h e  
d r y  m a t t e r .  However, when N was a p p l i e d  as  a s i n g l e  p r e p l a n t  p r e f l o o d  
a p p l i c a t i o n  t h e r e  was a l a r g e r  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r .  There
Table 25 . The influence of cu ltu ra l system, N ra te , and time of N application ort accumulation of dry m atter, N concentration in the 
dry m atter, and N uptake of Mars rice  a t  the panicle d iffe re n tia tio n  stage of development grown on Crowley s i l t  loam.
Rice Research Station. Crowley, LA. 1982.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural System Drill-Seeded Water-Seeded Dri11-Seeded Wa ter-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  k g /h a -------------------   % N ----------------------  kg N /ha
0 2650 2240 1.05 1.03 28.0 25.10
2450 e 1.04 f 26.6 e
34 1 4680 4170 1.18 1.10 55.3 46.2
34 2 3700 3560 1.14 1.20 42.3 43.7
34 3 4150 4190 1.05 1.20 44.4 51.1
4080 d 1.14 e 47.2 d
68 1 5720 5190 1.34 1.32 76.6 68.5
68 2 4970 4780 1.28 1.26 63.7 60.3
68 3 4680 4150 1.10 1.23 51.7 51.0
4910 c 1.26 d 62.6 c
102 1 7290 6130 1.69 1.56 121.8 97.0
102 2 6060 5660 1.31 1.42 79.3 79.5
102 3 6320 5720 1.35 1.23 85.6 70.6
6190 b 1.43 c 89.0 b
136 1 7250 6080 1.79 1.58 129.8 95.9
136 2 6310 5900 1.69 1.62 106.9 96.6
136 3 5390 5030 1.42 1.42 75.3 69.6
5990 b 1.59 b 95.7 b
170 1 8320 7510 1.85 1.83 153.5 138.4
170 2 6820 6490 1.92 1.83 128.6 120.4
170 3 6610 5780 1.47 1.48 96.6 84.6
6920 a 1.73 a 120.4 a
Cultural System Mean 5680 a 5170 a 1.41 a 1.40 a 83.7 a 74.9 b
C.V., I 16.6 11.0 21.7
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha — ■— % N - - kg N/ha -
1 6230 a 1.52 a 98.3 a
2 5420 b 1.47 a 82.1 b
. 3 5200 b 1.30 b 68.1 c
1/ See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t t e r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT. (j!
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were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t i m e s  f o r  t h e  
accum ula t ion  o f  dry  m a t t e r  and N up take .  When t h e  t o t a l  N r a t e  was 
a p p l i e d  p r e p l a n t  o r  p r e f l o o d  t h e r e  was s i g n i f i c a n t l y  more accum ula t io n  o f  
dry m a t t e r  and s i g n i f i c a n t l y  more N up take  by t h e  i n  r e l a t i o n  t o  t h e  two 
way s p l i t  a p p l i c a t i o n  o f  N. T h e r e  was  a s i g n i f i c a n t  N r a t e  x N 
a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e  o f  deve lopment  ( F i g u r e  10) .  As s t a t e d  p r e v i o u s l y ,  t h i s  i s  i n
r e a l i t y  a comparison o f  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and t h e  s i n g l e
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  Over  t h e  N r a t e s ,  t h e r e  was from 10 
t o  30 kg N/ha more N up take  when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  
p r e f l o o d  when compared t o  t h e  two- way s p l i t  a p p l i c a t i o n  o f  N. The d a ta  
i n d i c a t e s  t h a t  under  t h e  c o n d i t i o n s  o f  t h i s  s t u d y ,  t h e r e  i s  g r e a t e r  N use 
e f f i c i e n c y  when measured as  N up take  when t h e  t o t a l  N r a t e  i s  a p p l i e d  
p r e p l a n t  o r  p r e f l o o d .
In g e n e ra l  t h e  v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e s  o f  deve lopment  were equa l  o r  s l i g h t l y  l a r g e r  in  
t h e  d r i l l - s e e d e d  r i c e  i n  r e l a t i o n  t o  t h e  w a t e r - s e e d e d  r i c e .  Th is
d i s a g r e e s  w i th  Brandon e t  a l .  (1980 b) who l i s t e d  s lo w e r  d r y  m a t t e r
a c c um ula t ions  and d e c r e a s e  N f e r t i l i z e r  e f f i c i e n c y  as  d i s a d v a n t a g e s o f  
d r i l l - s e e d e d  r i c e  when c o m p a r e d  t o  t h e  w a t e r - s e e d e d  r i c e .  T h i s  
c o n t r i d i c t i o n  may be  a t t r i b u t e d  t o  t h e  p l a n t i n g  d a t e  (T ab le  2 ) ,  t h e  
a ve rage  d a i l y  t e m p e r a t u r e s ,  and t h e  degree  days from emergence t o  t h e  
m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  deve lopment  (Tab le  
2 6 ) .  S t a n s e l  (1975) r e p o r t e d  t h a t  15°C i s  t h e  t h r e s h o l d  t e m p e r a t u r e  f o r  
r i c e  s e e d l i n g  growth b u t  p ro longed  t e m p e r a t u r e s  in  t h e  a r e a  o f  15°C d e la y  
s e e d l i n g  growth.  Th is  r e s e a r c h e r  a l s o  s a i d  t h e r e  i s  a l i n e a r  i n c r e a s e  in 
t h e  normal growth deve lopment  o f  t h e  r i c e  from 20°C t o  3 1 °C. The average
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Figu re  10. N r a t e  x N a p p l i c a t i o n  t ime i n t e r a c t i o n  f o r  N up take  
a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  
o f  Mars r i c e  grown on Crowley s i l t  loam. Rice Research 
S t a t i o n .  Crowley,  LA. 1982.
Table 26. Temperature data and summation of degree days from the emergence date to twenty
days a f te r  panicle d if fe ren tia t io n  of Mars r ice  grown on Crowley s i l t  loam.
Rice Research Station.  Crowley, LA. 1982.
June Maximum Minimum ADT* DD** July Maximum Minimum ADT* DD**
ED 3 35 22 29 14 MT 8 34 26 30 457
4 31 22 27 26 9 34 22 28 470
5 33 22 28 39 10 34 23 29 484
6 34 21 28 52 11 31 22 27 496
7 35 22 29 66 12 33 23 28 509
8 36 22 29 80 13 35 21 28 522
9 35 22 29 94 14 33 23 28 535
10 34 24 29 108 15 33 26 30 550
11 35 23 29 122 16 33 23 28 563
12 33 22 28 135 17 33 22 28 576
13 32 22 27 147 18 34 22 28 589
14 33 21 27 159 19 31 22 27 601
15 34 21 28 172 20 33 23 28 614
16 34 23 29 186 PD 21 34 21 28 627
17 29 19 24 195 22 33 22 28 640
18 32 31 27 207 23 34 23 29 654
19 32 23 28 220 24 32 21 27 666
20 32 23 28 233 25 33 22 28 679
21 32 22 27 245 26 31 22 27 691
22 32 22 27 257 27 31 22 27 703
23 32 22 27 269 28 34 23 29 717
24 33 22 28 282 29 35 23 29 731
25 34 23 29 296 30 34 23 29 745
26 33 22 28 309 31 31 24 28 758
27 26 22 24 318 August
28 28 21 25 328 1 32 22 27 770
29 31 21 26 339 2 30 22 26 781
30 32 23 28 352 3 33 23 28 794
July 4 32 23 28 807
1 33 21 27 364 5 34 24 29 821
2 34 22 28 377 6 34 22 28 834
3 33 23 28 390 7 34 21 28 847
4 33 23 28 403 8 30 22 26 858
5 33 23 28 416 9 29 22 26 869
6 33 23 28 429 10 31 22 27 881
7 33 23 28 442 11 33 22 28 894
ED = Emergence date **DD = Sunmation of ADT - 15°C threshold
MT = M id-tillering  sample date temperature
PD ■ Panicle d iffe re n tia tio n  date
*ADT = Average daily  temperature
DR
Y 
M
AT
TE
R.
M
ID
-T
EL
LE
RI
NG
.K
G/
HA
89
2600-1
2 4 0 0 -
2200 -
2000 -
1800-
1600-
1400-
1200 -
70503010
N UPTAKE.MID-TILLERING.KG N/HA
F igu re  11. R e l a t i o n s h i p  between t h e  accum ula t ion  o f  dry  m a t t e r
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
o f  Mars r i c e  grown on Crowley s i l t  loam. Rice  Research 
S t a t i o n .  Crowley,  LA. 1982. ** ,  S i g n i f i c a n t  a t  t h e
0 .01  l e v e l  o f  p r o b a b i l i t y .
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Figu re  12. R e l a t i o n s h i p  between t h e  accum ula t io n  o f  d ry  m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  
o f  deve lopment  o f  Mars r i c e  grown on Crowley s i l t  
loam. Rice Research  S t a t i o n .  Crowley,  LA. 1982. 
* * ,  S i g n i f i c a n t  a t  t h e  0 .01  l e v e l  o f  p r o b a b i l i t y .
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d a i l y  t e m p e r a t u r e  f r o m  e m e r g e n c e  t o  m i d - t i l l e r i n g  a n d  p a n i c l e  
d i f f e r e n t i a t i o n  w as  28°C a n d  t h e r e  w e r e  4 5 7  a n d  627  d e g r e e  d a y s  
accumula ted a t  t h e s e  p h y s i o l o g i c a l  s t a g e s  o f  deve lopment  (T a b le  26) .  
A p p a r e n t l y ,  t h e  a d v a n t a g e  o f  a m o r e  s t a b l e  t e m p e r a t u r e  i n  t h e  
m ic r o c l im a te  o f  t h e  s e e d l i n g  in  t h e  w a t e r - s e e d e d  r i c e  (Brandon e t  a l .  
1980b) was nega ted  by t h i s  ave rage  d a i l y  t e m p e r a t u r e .  Th i s  may a l s o  
accoun t  f o r  t h e  s i m i l a r i t y  o f  t h e  g r a i n  y i e l d s  (Tab le  28) f o r  t h e  two 
c u l t u r a l  systems.
There were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accum ula t ion  o f  dry 
m a t t e r  and N u p tak e  a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  o f  development .  In g e n e r a l ,  N up take  p a r a l l e l e d  accumula t ion  of  
d r y  m a t t e r  a t  b o t h  p h y s i o l o g i c a l  s t a g e s  o f  d e v e l o p m e n t .  T h e s e  
r e l a t i o n s h i p s  a r e  p r e s e n t e d  in F ig u re s  11 and 12.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment ,  t h e  ave rage  N c o n c e n t r a t i o n  in  t h e  dry  m a t t e r  d e c re a s e d  from 
1.90 t o  1.40% N. The d ry  m a t t e r  a c cum ula t ion  and N up take  ave rages  
i n c r e a s e d  f r o m  2 1 3 0  t o  5 4 3 0  k g / h a  a n d  f r o m  4 1 .5  t o  7 9 . 3  kg N / h a .  
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  35% and 43% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accoun ted  f o r  by t h e  accum ula t io n  of  
dry m a t t e r  and t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  a t  t h e  m i d - t i l l e r i n g  
and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  development .  At t h e  m i d - t i l l e r i n g  
s t a g e  o f  development  a p p rox im a te ly  30 p e r c e n t  o f  t h e  t o t a l  N had been 
t a k e n  up. Th i s  p e rc e n ta g e  i n c r e a s e d  t o  58 p e r c e n t  o f  t h e  t o t a l  N a t  t h e  
p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  t h e  mid- 
t i l l e r i n g  ( r  = 0.53**) and t h e  p a n i c l e  d i f f e r e n t i a t i o n  ( r  = 0.58**) 
s t a g e s  o f  development  w i th  g r a i n  y i e l d .  R e g r e s s io n  a n a l y s i s  i n d i c a t e d
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t h a t  28 and 33% o f  t h e  v a r i a t i o n  in g r a i n  y i e l d  cou ld  be e x p la in e d  by N 
up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  of  deve lopment  F ig u re s  13 and
14.
The d a ta  in Tab le  5 shows t h e  lodge r a t e  and lodge t y p e  d e s c r i p t i o n s  
used in e v a l u a t i n g  lodg ing  a t  t h e  Rice Research  S t a t i o n .  There were no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  sys tems  f o r  lodge  r a t e  
( p e r c e n t  o f  p l o t  lodged)  o r  lodge t y p e  ( s e v e r i t y  of  t h e  bending o f  t h e  
culm) (Table  27) .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  lodge 
r a t e  and lodge t y p e .  A g r e a t e r  p e rc e n ta g e  o f  t h e  p l o t  was lodged and t h e  
bending of  t h e  culm was more s e v e re  wi th  i n c r e a s e d  N r a t e s .  There  were 
s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im e s  f o r  lodge r a t e .  
The lodge r a t e  was g r e a t e s t  when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  
p r e f l o o d  and lodge r a t e  de c re a s ed  in p r o p o r t i o n  to  t h e  p e r c e n t  o f  t h e  N 
r a t e  t h a t  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  in  t h e  s p l i t  a p p l i c a t i o n s  
(Table  3 ) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  
t im e s  f o r  lodge type.
N i t rogen  r a t e  and t im e  o f  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  p l a n t  
h e i g h t  and m a t u r i t y  (Table  2 8 ) .  P l a n t  h e i g h t  i n c r e a s e d  from 84 cm (0 N) 
t o  110 cm (170 kg N/ha) .  There  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  
c u l t u r a l  systems f o r  p l a n t  h e i g h t .  S p l i t  a p p l i c a t i o n s  o f  N s i g n i f i c a n t l y  
d e c re a s e d  p l a n t  h e i g h t  i n  r e l a t i o n  t o  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  
a p p l i c a t i o n  o f  t h e  t o t a l  N r a t e .  There was a s i g n i f i c a n t  d i f f e r e n c e  
between t h e  c u l t u r a l  systems f o r  days t o  50% heading .  The w a te r - s ee d e d  
r i c e  r e q u i r e d  s i g n i f i c a n t l y  f ew er  days  t o  50% he a d ing .  Th is  i s  in  
agreement  wi th  Brandon e t  a l .  (1980 b) who l i s t e d  de layed  crop m a t u r i t y  
as  a d i s a d v a n t a g e  o f  d r i l l - s e e d e d  r i c e  when compared t o  w a te r - s e e d e d  
r i c e .  The t h r e e - w a y  s p l i t  a p p l i c a t i o n  o f  N s i g n i f i c a n t l y  de c re a s ed  t h e
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Figure  13. R e l a t i o n s h i p  between N up take  a t  t h e  m i d - t i l l e r i n g  
s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars r i c e  
grown on Crowley s i l t  loam. Rice Research S t a t i o n .  
Crowley,  LA. 1982. ** ,  S i g n i f i c a n t  a t  t h e  0.01
l e v e l  o f  p r o b a b i l i t y .
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Fig u re  14. R e l a t i o n s h i p  between N up take  a t  t h e  p a n i c l e  d i f f e r e n ­
t i a t i o n  s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars 
r i c e  grown on Crowley s i l t  loam. Rice Research S t a t i o n .  
Crowley,  LA. 1982. ** ,  S i g n i f i c a n t  a t  t h e  0.01 l e v e l
o f  p r o b a b i l i t y .
95
Table 27. The influence of cultural system, N ra te ,  and time of N application on lodge ra te
and lodge type of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station.
Crowley, LA. 1982.
Lodge Rate Lodge Type
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1 /
kg/ha  % ................................................................No.
0 0.25 0.75 0.50 1.50
0.50 d 1.60 d
34 1 2.25 0.25 1.75 1.00
34 2 3.25 2.00 2.00 1.25
34 3 2.25 1.25 2.25 1.25
1.90 cd 1.66 d
68 1 4.25 2.00 3.25 3.25
68 2 3.50 3.00 3.25 2.75
68 3 3.00 2.25 2.25 1.25
3.00 c 2.70 c
102 1 6.75 8.25 3.75 4.75
102 2 4.50 3.00 3.25 3.00
102 3 5.00 0.50 3.25 1.75
4.70 b 3.30 be
136 1 6.75 7.75 3.75 4.25
136 2 6.25 4.00 3.75 3.25
136 3 4.75 2.25 3.50 4.00
5.3d) b 3.75 ab
170 1 6.50 7.25 3.50 4.50
170 2 6.75 8.50 4.25 4.75
170 3 6.25 7.00 4.00 4.50
7.00 a 4.25 a
Cultural System Mean 4.50 a 3.80 a 3.00 a 2.95
C.V., % 53.7 43.9
N Time 2/ Lodge Rate Lodge Type
 % —  —  No. —
1 5.20 a 3.40 a
2 4.50 ab 3.20 a
3 3.50 b 2.80 a
1/ See Table 3 fo r  N app lication  time descrip tion .
Z l  N time means over cu ltu ra l systems and N ra te s .
Means followed by a coirmon le t t e r  are not s ig n ific a n tly  d iffe re n t a t the 5 t p robability  
level according to DMRT.
Table 28. The influence of cultural system, N ra te ,  and time of N application on plant height,  maturity, and yield of Mars r ice  grown
on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1982.
Plant Height Days To 50% Heading Grain Yield 0 12% Moisture
Cultural 
N Rate
System D rill 
N Time 1/
-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
0 89 79 75 74 4710 3950
84 f 74 a 4330 d
34 1 96 99 74 72 6150 5920
34 2 95 92 74 72 5950 5830
34 3 95 92 74 72 6260 5720
95 e 73 b 5970 c
68 1 105 101 74 72 7230 6860
68 2 102 98 74 71 7360 6910
68 3 98 102 74 71 6810 6400
101 d 73 b 6930 b
102 1 106 103 75 72 7670 ■ 7930
102 2 102 101 75 72 7340 7600
102 3 105 107 74 71 7410 7180
104 c ?3 b 7520 a
136 1 111 111 76 72 7090 7960
136 2 106 106 75 72 7880 7530
136 3 107 104 74 71 7800 7820
107 b 73 b 7680 a
170 1 114 110 76 74 7230 7550
170 2 112 108 76 73 7180 7800
170 3 111 107 74 72 7960 7850
110 a 74 a 7590 a
Cultural System Mean 103 a 101 a 75 a 72 b 7000 a 6920 a
C.V., % 4.1 1.0 9.0
N Time 2/ Plant Heiqht Days To 50% Heading Grain Yield 8 12% Moisture
----- cm ------- - No. - -  kg/ha —
1 106 a 74 a 7160 a
2 102 b 73 a 7140 a
3 103 b 72 b 7120 a
\ J  See Table 3 for N application time description.
2J N time means over cultural systems and N rates.
Means followed by a common l e t t e r  are not s ignificantly  d i fferen t  a t  the 5% probability level according to DMRT. COOl
97
number o f  days t o  50% head ing  in  r e l a t i o n  t o  t h e  s i n g l e  p r e p l a n t  o r  
p r e f l o o d  N a p p l i c a t i o n  o r  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N. There were 
s i g n i f i c a n t  c u l t u r a l  sys tem x N r a t e  and N r a t e  x N a p p l i c a t i o n  t im e  
i n t e r a c t i o n s  f o r  days t o  50% head in g .  At each  N r a t e ,  t h e  w a t e r - s e e d e d  
r i c e  r e q u i r e d  from one t o  t h r e e  fewer  days t o  50% head in g  compared t o  t h e
d r i l l - s e e d e d  r i c e  (F ig u re  15 ) .  The number o f  days t o  50% heading  a t  each
N a p p l i c a t i o n  t ime were s i m i l a r  up t o  t h e  102 kg N/ha r a t e  ( F ig u r e  16). 
At h i g h e r  N r a t e s ,  s p l i t  a p p l i c a t i o n s  dec re a sed  t h e  number o f  days t o  50% 
heading  in r e l a t i o n  t o  t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
o r  among t h e  N a p p l i c a t i o n  t im e s  f o r  g r a i n  y i e l d  (T ab le  28).  Grain 
y i e l d s  i n c r e a s e d  q u a d r a t i c a l l y  from 0 t o  170 kg N/ha w i th  t h e  maximum 
y i e l d  obse rved  a t  102 kg N/ha ( F ig u r e  17).  The d a ta  i n d i c a t e s  t h a t  under  
t h e  c o n d i t i o n s  o f  t h i s  s t u d y  t h e  102 kg N/ha r a t e  a p p l i e d  p r e p l a n t  o r  
p r e f l o o d  i s  t h e  optimum r a t e  and t im e  o f  a p p l i c a t i o n  o f  N f o r  maximum 
g r a i n  y i e l d s .  In t h e  d r i l l - s e e d e d  r i c e  g r a i n  y i e l d s  were i n c r e a s e d
a p p rox im a te ly  110 kg /ha  ov e r  t h e  p r e f l o o d  102 kg N/ha r a t e  when h i g h e r  N
r a t e s  were a p p l i e d  a s  s p l i t  a p p l i c a t i o n s .  In t h e  w a t e r - s e e d e d  r i c e ,  
g r a i n  y i e l d s  de c re a s ed  a t  N r a t e s  g r e a t e r  t h a n  102 kg N / r a t e  r e g a r d l e s s  
o f  t h e  N a p p l i c a t i o n  t im e .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  p a n i c l e s  p e r  s q u a r e  m e t e r  o r  f l o r e t s  p e r  p a n i c l e  ( T a b l e  2 9 ) .  
However, t h e  w a te r - s e e d e d  r i c e  had a s i g n i f i c a n t l y  lower p e rc e n ta g e  o f  
s t e r i l e  f l o r e t s  (Table  2 9 ) .  N i t rogen  a p p l i c a t i o n  d id  not  s i g n i f i c a n t l y  
i n f l u e n c e  p a n i c l e s  p e r  sq u a re  meter .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  
i n f l u e n c e d  f l o r e t s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s .  F l o r e t s  p e r  
p a n i c l e  i n c r e a s e d  from 53 (0 N) t o  120 (170 kg N/ha)  w h i l e  p e r c e n t
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15. C u l t u r a l  sys tem x N r a t e  i n t e r a c t i o n  f o r  t h e  number of  
days t o  50% heading  f o r  Mars r i c e  grown on Crowley 
s i l t  loam. Rice Research S t a t i o n .  Crowley,  LA. 1982.
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16. N r a t e  x N a p p l i c a t i o n  t ime i n t e r a c t i o n  f o r  t h e  number 
days t o  50% head ing  f o r  Mars r i c e  grown on Crowley s i l t  
loam. Rice Research S t a t i o n .  Crowley,  LA. 1982.
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Fig u re  17. The i n f l u e n c e  o f  N r a t e s  on t h e  g r a i n  y i e l d  o f  Mars
r i c e  grown on Crowley s i l t  loam. Rice Research  S t a t i o n .  
Crowley,  LA. 1982. * ,  S i g n i f i c a n t  a t  t h e  0 .05  l e v e l
o f  p r o b a b i l i t y .
Table 29. The influence of cultural system, N ra te ,  and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s t e r i l e  f lo re ts  of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1982.
Panicles Per Square Heter F lorets Per Panicle Per Cent S te rile  F lorets
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
2
0 398 452 60 46 6.7 6.7
425 a 53 d 6.7 d
34 1 413 398 77 71 7.5 6.4
34 2 377 373 108 92 6.5 6.6
34 3 377 363 81 78 6.1 5.6
383 a 85 c 6.5 d
68 1 441 427 100 90 8.4 6.0
68 2 402 406 105 97 6.9 6.1
68 3 380 391 95 95 9.6 7.1
408 a 97 b 7.3 cd
102 1 413 456 115 104 10.0 8.5
102 2 420 463 105 90 9.6 7.7
102 3 395 413 95 88 8.6 6.3
426 a 99 b 8.4 be
136 1 449 409 126 107 13.1 9.2
136 2 452 398 122 124 12.2 7.3
136 3 437 355 133 99 10.1 6.8
416 a 119 a 9.8 ab
170 1 452 474 123 115 11.9 9.9
170 2 416 449 135 106 11.1 10.9
170 3 380 449 126 113 10.2 10.3
435 a 120 a 10.8 a
Cultural System Mean 412 a 417 a 107 a 95 a 9.3 a 7.6 b
C.V., % 15.3 15.9 27.2
N Time 2/ Panicles Per Square Meter Florets Per Panicle Per Cent S te rile  Florets
o
1 432 a 103 a 9.1 a
2 416 ab 108 a 8.5 a
3 393 b 100 a 8.1 a
1 /  See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common le t t e r  are not significantly  d i fferen t  a t  the 5ri probability level according to DMRT.
1 0 2
s t e r i l e  f l o r e t s  v a r i e d  from 6.5% (34 kg N/ha) t o  10.8% (170 kg N /ha) . 
There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
f l o r e t s  pe r  p a n i c l e  o r  p e r c e n t  s t e r i l e  f l o r e t s .  However, p a n i c l e  d e n s i t y  
was s i g n i f i c a n t l y  i n c r e a s e d  when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  
p r e f l o o d .  T h i s  i s  in  agreement  wi th  P a t r i c k  and Mikkelsen (1971)  who 
advocated  b a s a l  N a p p l i c a t i o n s  t o  i n c r e a s e  p a n i c l e  d e n s i t y .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  mid- 
t i l  l e r i n g  and p a n i c l e s  p e r  s q u a re  m e te r  ( r  = 0.19*) and N up take  a t  
p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  p e r  p a n i c l e  ( r  = 0.60**) . T h i s  i s  in 
agreement  w i th  Murayama (1979)  who found p o s i t i v e  c o r r e l a t i o n s  between N 
up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  wi th  t h e s e  two 
y i e l d  components .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems
f o r  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  w e i g h t ,  o r  t h e  p a n i c l e
w e igh t  (T ab le  30 ) .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  
number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  w e i g h t ,  and t h e  
p a n i c l e  weight .  The number o f  g r a i n s  p e r  p a n i c l e  and p a n i c l e  weight  
i n c r e a s e d  w i th  N a d d i t i o n s  w h i le  t h e  one thousand  g r a i n  we igh t  d e c re a s e d  
w i th  N a d d i t i o n s .  The number o f  g r a i n s  pe r  p a n i c l e  and p a n i c l e  weight  
i n c r e a s e d  from 50 (0 N) t o  107 (136 kg N/ha) g r a i n s  p e r  p a n i c l e  and from 
1.26 grams (0 N) t o  2.59 grams (136 kg N/ha) f o r  p a n i c l e  weight .  The 
one thousand  g r a i n  we igh t  d e c re a s e d  from 24.1 grams (34 kg N/ha) t o  22.5 
grams (170 kg N /ha) .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es
f o r  g r a i n s  p e r  p a n i c l e  o r  p a n i c l e  w e igh t .  However, t h e  one thousand
g r a i n  weight  was s i g n i f i c a n t l y  h e a v i e r  when t h e  N was a p p l i e d  as  a t h r e e -  
way s p l i t  a p p l i c a t i o n .  This  i s  in  agreement  w i t h  Murata (1969)  who found
Table 30. The influence of cultural system, N ra te ,  and time of N application on the number of grains per panicle, the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA.
1982.
Grains Per Panicle 1000 Grain Weight Panicle Weight
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time \ f
kg/ha  No.   gram s------------------  grams
0 56 43 24.0 24.0 1.43 1.09
5'0 d 24.0 c 1.26 d
34 1 72 66 24.1 24.5 1.83 1.71
34 2 101 87 23.4 24.2 2.19 2.19
34 3 77 74 24.2 24.3 1.95 1.87
7$ c 24.1 c 2.01 c
68 1 91 85 23.6 24.5 2.27 2.16
68 2 98 91 23.5 23.8 2.42 2.31
68 3 86 87 24.8 24.5 2.28 2.26
90 b 24.1 c 2.27 b
102 1 103 95 22.8 23.1 2.52 2.33
102 2 95 83 22.8 23.5 2.31 2.10
102 3 87 83 23.9 24.8 2.22 2.16
91 b 23.5 b 2.29 b
136 1 110 97 22.2 22.6 2.50 2.31
136 2 107 115 22.4 22.8 2.59 2.77
136 3 119 93 23.6 23.9 3.02 2.32
107 a 22.9 a 2.59 a
170 1 108 103 21.5 22.6 2.49 2.52
170 2 120 94 22.0 22.2 2.84 2.25
170 3 113 101 23.2 23.6 2.83 2.56
10? a 22.5 a 2.59 a
Cultural System Mean 97 a 87 a 23.3 a 23.7 a 2.38 a 2.18
C.V., % 15.9 2.8 15.9
N Time 2/ Grains Per Panicle 1000 Grain Weight Panicle Weight
—  No. - • grams — — - grams - —
1 93 a 23.2 a 2.27 a
2 99 a 23.1 a 2.43 a
3 92 a 24.1 b 2.35 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not s ignificantly  different  a t  the 5Z probability level according to DMRT.
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t h a t  t h e  s m a l l e r  t h e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n s  of  N t h e  l a r g e r  
t h e  e f f e c t  o f  t o p d r e s s i n g  on t h e  one thousand  g r a i n  weight .
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  43% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  c ou ld  be accounted  f o r  by p a n i c l e  d e n s i t y ,  t h e  
number of  g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  weight .
The d r i l l - s e e d e d  r i c e  produced s i g n i f i c a n t l y  more s t r a w  and had 
s i g n i f i c a n t l y  g r e a t e r  N u p take  (T ab le  31 ) .  There was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  t h e  N c o n c e n t r a t i o n  in  t h e  
s t r a w  (T ab le  31 ) .  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  
s t r a w  y i e l d ,  t h e  N c o n c e n t r a t i o n  in t h e  s t r a w ,  and N up take .  Straw 
y i e l d s  i n c r e a s e d  from 4050 kg /ha  (0 N) t o  10000 kg /ha  (170 kg N/ha) .  The 
N c o n c e n t r a t i o n  in  t h e  s t r a w  and N up take  i n c r e a s e d  from 0.55% N (34 kg 
N /h a ) ,  t o  0.57% N (170 kg N/ha) and from 24.2 kg N/ha (0 N) t o  67.1 kg 
N/ha (170 kg N/ha) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in  t h e  s t r aw.  However, t h e  
s t r a w  y i e l d  and N up take  were s i g n i f i c a n t l y  i n c r e a s e d  when t h e  t o t a l  N 
r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  
t h e  N c o n c e n t r a t i o n  i n  t h e  g r a i n  ( T a b l e  3 2 ) .  H o w e v e r ,  t h e r e  was  
s i g n i f i c a n t l y  more N abso rbed  by t h e  g r a i n  i n  t h e  d r i l l - s e e d e d  r i c e  
(Table  32) .  N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N 
c o n c e n t r a t i o n  i n  t h e  g r a i n  and N up take .  The N c o n c e n t r a t i o n  in  t h e  
g r a i n  was r e l a t i v e l y  c o n s t a n t  v a ry in g  on ly  from 1.06 t o  1.15% N ov e r  t h e  
N r a t e s .  The N up take  i n c r e a s e d  from 44.6 kg N/ha (0 N) t o  105.4 kg N/ha 
(170 kg N/ha) .  There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in  t h e  g r a i n  o r  N up take .
The w a te r - s e e d e d  r i c e  had a s i g n i f i c a n t l y  h i g h e r  h a r v e s t  index (HI)
Table 31. The influence of cultural system, N ra te ,  and time of N application on the yield  of straw, N concentration in the straw, and
N uptake by the straw of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1982.
Straw Yield N Cone. Straw N Uptake Straw
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time \ t
kg/ha  k g /h a -----------------   % N -------------------  kg N /ha
0 4700 3410 0.54 0.68 25.4 23.0
4050 e 0.61 be 24.2 f
34 1 7500 5550 0.52 0.55 38.9 30.4
34 2 6600 4750 0.57 0.56 37.6 26.7
34 3 6080 4940 0.55 0.58 33.3 28.6
5900 d 0.65 d 32.6 e
68 1 8660 7470 0.54 0.57 46.2 43.0
68 2 8770 7030 0.54 0.57 47.1 39.6
68 3 7110 5970 0.55 0.60 38.5 35.4
7500 c 0.56 d 41.6 d
102 1 9600 8790 0.64 0.60 61.2 53.4
102 2 9050 7650 0.53 0.56 48.5 42.4
102 3 8270 7490 0.60 0.60 48.9 44.5
8470 b 0.59 cd 49.8 c
136 1 11480 9410 0.69 0.67 77.8 61.2
136 2 10560 8220 0.59 0.63 61.9 51.6
136 3 9550 7320 0.59 0.69 56.6 50.3
9420 a 0.64 ab 59.9 b
170 1 11490 10360 0.69 0.62 78.1 64.7
170 2 10800 9640 0.66 0.71 71.2 69.2
170 3 9210 8580 0.62 0.71 57.1 62.2
loOoO a 0.57 a 67". 1" a '
Cultural System Mean 8700 a 7290 b 0.59 a 0.62 a 51.8 ii 45.4
C.V., % 17.4 10.8 21.3
N Time 2/ Straw Yield N Cone. Straw N Uptake Straw
- kg/ha — ----- % N ------- - kg N /  ha —
1 9030 a 0.61 a 55.5 a
2 8300 ab 0.59 a 49.6 ab
3 7450 b 0.61 a 45.5 b
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a common l e t t e r  are not significantly  d ifferen t  a t  the 5% probability level according to DMRT.
Table 32. The influence of cultural system, N ra te ,  and time of N application on N concentration
in the grain and N uptake by the grain of Mars r ice  grown on Crowley s i l t  loam.
Rice Research Station. Crowley, LA. 1982.
N Cone. Grain N Uptake Grain
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1 /
kg/ha — % N — -- kg N /  ha
0 1.06 1.12 50.7 38.4
1.09 ab 44.6 e
34 1 1.02 1.03 69.6 59.8
34 2 1.12 1.02 77.4 63.0
34 3 1.07 1.12 66.4 59.8
1.66 b 66.0 d
68 1 1.13 1.15 86.9 83.7
68 2 1.09 1.07 93.4 75.2
68 3 1.14 1.04 81.3 68.9
1.10 ab 82.0 c
102 1 1.14 1.08 100.7 94.8
102 2 0.99 1.04 86.8 85.4
102 3 1.12 1.16 87.5 90.2
1.09 ab 90.9 be
136 1 1.16 1.15 113.6 82.6
136 2 1.09 1.14 104.8 99.1
136 3 1.16 1.10 105.0 85.4
1.13 a 98.4 ab
170 1 1.17 1.12 106.7 106.7
170 2 1.19 1.11 109.3 104.9
170 3 1.17 1.13 105.4 99.2
1.16 a 105.4 a
Cultural System Mean 1.11 a 1.10 a 90.4 a 81.3
C.V., % 7.9 17.4
N Time 2/ N Cone. Grain N Uptake Grain
—-  % N — - - kg II /  ha —
1 1.11 a 90.5 a
2 1.08 a 90.3 a
3 1.12 a 84.8 a
1/ See Table 3 fo r N application  time descrip tion .
2/ N time means over cu ltu ra l systems and N ra te s .
Means followed by a common l e t t e r  are not s ig n ific a n tly  d iffe re n t a t the 5% probability  
level according to  DMRT.
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b u t  took up s i g n i f i c a n t l y  l e s s  t o t a l  N when compared t o  t h e  d r i l l - s e e d e d  
r i c e  (Table  32) .  The h i g h e r  HI in  t h e  w a te r - s e e d e d  r i c e  i n d i c a t e s  t h a t  
t h e  w a te r - s e e d e d  r i c e  was more e f f i c i e n t  in p a r t i t i o n i n g  t h e  t o t a l  dry 
m a t t e r  i n t o  g r a i n  when compared t o  t h e  d r i l l - s e e d e d  r i c e .  This  can be 
i l l u s t r a t e d  by exam ina t ion  o f  Tab les  28 and 31. The d r i l l - s e e d e d  r i c e  
produced 1410 kg /ha more s t r a w  th a n  t h e  w a te r - s e e d e d  r i c e  b u t  t h e  g r a i n  
y i e l d  d i f f e r e n c e  between t h e  c u l t u r a l  systems was on ly  80 kg/ha.
There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  
n i t r o g e n  h a r v e s t  i n d e x  (NHI)  ( T a b l e  3 3 ) .  N i t r o g e n  a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  HI,  t o t a l  N u p ta k e ,  and NHI. HI and NHI 
g e n e r a l l y  d e c re a s e d  wi th  N a d d i t i o n s .  The t o t a l  N up take  in c r e a s e d  from 
68.8 kg N/ha (0 N) t o  172.5 kg N/ha (170 kg N/ha) .  S p l i t  a p p l i c a t i o n s  o f  
N s i g n i f i c a n t l y  i n c r e a s e d  HI and NHI b u t  de c re a s ed  t o t a l  N up take  in 
r e l a t i o n  t o  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n  o f  N.
R e l a t i o n s h i p s  as shown by s imple c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  components ,  p a n i c l e  w e i g h t s ,  h a r v e s t  indexes  (HI) and N h a r v e s t  
in dexes  (NHI) a r e  p r e s e n t e d  in Tab le  34.
P a n i c l e  we igh t  was most  h i g h ly  s i g n i f i c a n t l y  c o r r e l a t e d  with g r a i n s  
p e r  p a n i c l e .  There  was a s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t h e  
one thousand  g r a i n  w e igh t  and p a n i c l e  w e igh t .  There was a s i g n i f i c a n t  
c o r r e l a t i o n  between p e r c e n t  s t e r i l e  f l o r e t s  and p a n i c l e  weight .  These 
two c o r r e l a t i o n s  i n d i c a t e  t h a t  as  p a n i c l e  we igh t  i n c r e a s e s ,  f l o r e t s  p e r  
p a n i c l e  a l s o  i n c r e a s e  b u t  t h e  one thousand  g r a i n  w e ig h t  d e c r e a s e s .  
P a n i c l e s  p e r  s q u a r e  m e t e r  was  f o u n d  t o  h a v e  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n s  wi th  h a r v e s t  index (HI) and N h a r v e s t  index (NHI) implying 
as  p a n i c l e  d e n s i t y  i n c r e a s e s  HI and NHI d e c r e a s e .  F l o r e t s  p e r  p a n i c l e  
was s i g n i f i c a n t l y  c o r r e l a t e d  w i th  g r a i n s  p e r  p a n i c l e .  There  was a
Table 33. The influence of cultural system, N ra te ,  and time of N application on Harvest Index (HI) tota l  nitrogen uptake and Nitrogen
Harvest Index (NHI) of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1982.
Harvest Index Total N Uptake Nitrogen Harvest Index
Cultural System Drill-Seeded Hater-Seeded Drill-Seeded Water-Seeded Drill-Seeded Hater-Seeded
N Rate N Time 1/
0 0.51 0.51 76.2 61.4 0.67 0.63
O.Sl b 68.8 e 0.65 be
34 1 0.47 0.51 108.5 90.2 0.64 0.66
34 2 0.51 0.57 114.9 89.7 0.68 0.71
34 3 0.51 0.53 99.8 88.4 0.67 0.68
0.52 b 98.6 d 0.67 c
68 1 0.47 0.50 133.0 126.7 0.65 0.66
68 2 0.49 0.51 140.5 118.4 0.66 0.67
68 3 0.50 0.52 119.8 103.3 0.68 0.65
0.50 ab 123.6 c o CTi O' O
102 1 0.48 0.50 161.9 148.2 0.63 0.65
102 2 0.49 0.52 135.3 127.8 0.64 0.67
102 3 0.49 0.51 136.5 134.7 0.64 0.67
0.50 ab 140.7 b 0.65 c
136 1 0.46 0.44 191.4 143.8 0.59 0.57
136 2 0.48 0.52 166.7 150.8 0.63 0.66
136 3 0.49 0.52 ' 161.6 135.7 0.65 0.63
0.48 a 158.3 a 0.62 ab
170 1 0.44 0.48 184.8 171.4 0.57 0.62
170 2 0.46 0.50 180.5 174.1 0.61 0.61
170 3 0.49 0.51 162.5 161.5 0.65 0.62
0.48 a 172.5 a 0.61 a
Cultural System Mean 0.48 a 0.51 b 142.1 a 126.6 b 0.64 a 0.65
C.V., % 6.0 17.3 5.7
N Time 2/ Harvest Index . Total N Uptake Nitrogen Harvest Index
----- HI — - ■ kg N /ha ■- -  NHI —
1 0.48 a 146.0 a 0.62 a
2 0.51 b 139.9 ab 0.65 b
3 0.51 b 130.4 b 0.65 b
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a common l e t t e r  are not significantly  different  a t  the 5* probability level according to DMRT.
Table 34. Relationships as shown by simple co rre lation  co effic ien ts (r)  among y ield  components, panicle weights, harvest indexes 
(HI) and nitrogen harvest indexes (NHI) of Mars rice  grown on Crowley s i l t  loam. Rice Research S tation . Crowley, LA. 
1982.
Panicles F lorets , Grains , 1000-grain Harvest Nitrogen
O n  ^  m  i  a  1 n  •  1 f .1  „  *  i . i n l / i h 4  T T n i
Percent
2 panicle panicle weight Index Harvest Index s te r i le  f lo re ts
Panicle wt. -0.12 0.96** 0.98** -0.31** -0.01 -0.12 0.29**
Panicles/m '2 -0.06 -0.09 -0.09 -0.25** -0.18* 0.14
F lorets/pan icle  0.99** -0.51** -0.11 -0.23** 0.45**
Grain/panicle -0.47** -0.07 -0.20* 0.33**
1000-grain wt. 0.34** 0.44** -0.47**
Harvest Index 0.70** -0.31**
Nitrogen Harvest Index -0.29**
*,** S ignificant a t  the 0.05 and 0.01 levels of p robab ility , respectively .
1 1 0
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t h e  one thousand  g r a i n  weight  
and f l o r e t s  p e r  p a n i c l e .  F l o r e t s  p e r  p a n i c l e  was a l s o  s i g n i f i c a n t l y  
c o r r e l a t e d  wi th  p e r c e n t  s t e r i l e  f l o r e t s .  The d a ta  i n d i c a t e s  as f l o r e t s  
p e r  p a n i c l e  i n c r e a s e  t h e r e  i s  an i n c r e a s e  in  p e r e n t  s t e r i l e  f l o r e t s  w h i l e  
t h e  one thousand  g r a i n  w e igh t  de c re a s e s .  Gra ins  p e r  p a n i c l e  was found t o  
have s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  wi th  t h e  one thousand  g r a i n  we igh t  
and a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  wi th  p e r c e n t  s t e r i l e  f l o r e t s .  HI 
and NHI were s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  one thousand  g r a i n  we igh t .  
The re  was a s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t h e  one thousand  
g r a i n  we igh t  and p e r c e n t  s t e r i l e  f l o r e t s .  These c o r r e l a t i o n s  imply as  HI 
and NHI d e c r e a s e ,  t h e  one thousand  g r a i n  we igh t  d e c re a s e d  and as p e rc e n t  
s t e r i l e  f l o r e t s  i n c r e a s e  t h e  one thousand  g r a i n  we igh t  d e c r e a s e .  HI was 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  NHI w h i c h  was e x p e c t e d  d u e  t o  t h e  
s i m i l a r i t y  o f  t h e i r  d e f i n i t i o n s .  HI a n d  NHI w e r e  f o u n d  t o  h a v e  
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  wi th  p e r c e n t  s t e r i l e  f l o r e t s .
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in  Table  34 i l l u s t r a t e  how 
t h e  y i e l d  c o m p o n e n t s  i n t e r a c t  a n d  c o m p e n s a t e  f o r  e a c h  o t h e r  i n  
d e t e r m i n in g  t h e  y i e l d  o f  r i c e  (Matsushima,  1964) . The s i g n i f i c a n t  
c o r r e l a t i o n s  wi th  HI and NHI a r e  p ro b a b ly  due t o  t h e  s i m i l a r  o r  o p p o s i t e  
r e s p o n s e  o f  HI,  NHI, and t h e  y i e l d  component t o  N a d d i t i o n s .  However, 
t h e  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  o f  p e r c e n t  s t e r i l e  f l o r e t s  wi th  HI 
and NHI may be due t o  t h e  mutual  shad in g  e f f e c t  o r  t h e  reduced number o f  
ge rm ina te d  p o l l e n  a t  t h e  s t igma d i s c u s s e d  p r e v i o u s l y  in S e c t i o n  I .  Both 
t h e  mutual  shading e f f e c t  and t h e  r e d u c t i o n  in  t h e  number o f  ge rm ina ted  
p o l l e n  i n c r e a s e  as N r a t e s  a r e  in c r e a s e d .  A s i g n i f i c a n t  c o r r e l a t i o n  ( r  = 
0.42**) between p e r c e n t  s t e r i l e  f l o r e t s  and s t r a w  y i e l d  and s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  between HI ( r  = -  0 .55**) ,  NHI ( r  = -  0.51**) and
s t r a w  y i e l d  may l end  s u p p o r t  t o  t h e  mutua l  sha d in g  e f f e c t  c a u s in g  
in c r e a s e d  f l o r e t  s t e r i l i t y  as  N r a t e s  a r e  i n c r e a s e d .  These c o r r e l a t i o n s  
would s u p p o r t  t h e  mutual  shading t h e o r y  i f  i t  i s  assumed t h a t  t h e r e  a re  
r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual shad ing .
IV.
NORTHEAST RESEARCH STATION 
ST. JOSEPH, LA. 1983
The i n f l u e n c e  o f  c u l t u r a l  sys tem, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t io n  o f  d ry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  o f  Mars r i c e  grown
on Sharkey c la y  a r e  p r e s e n t e d  in  Tab le  35. There  were no s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  ac cu m u la t io n  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry  m a t t e r ,  o r  N up take .
Ni t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  a c c um ula t ion  o f  
d ry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  d ry  m a t t e r ,  and N uptake.  Dry
m a t t e r  i n c r e a s e d  from 1120 kg /h a  (0 N) t o  2390 kg /ha  (170 kg N/ha) .  The
N c o n c e n t r a t i o n  and N u p ta k e  i n c r e a s e d  from 1.92% N (0 N) t o  2.70% N and
from 21.4 kg N/ha (0 N) t o  64.2 kg N/ha (170 kg N/ha).
There  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  
and N up take .  However, a s  p r e s e n t e d  in  Tab le  3 ,  N a p p l i c a t i o n  t im e  
d i f f e r e n c e s  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  deve lopment  a r e  i n  r e a l i t y  
d i f f e r e n c e s  i n  N r a t e s .  T h e  b a l a n c e  o f  t h e  N r a t e  i n  t h e  s p l i t
a p p l i c a t i o n s  had n o t  been a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e
v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  were l a r g e s t  
when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
The i n f l u e n c e  o f  c u l t u r a l  sys tem,  N r a t e ,  and N a p p l i c a t i o n  t im e  on 
t h e  accum ula t ion  o f  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and 
N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  o f  Mars r i c e
1 1 2
Table 35. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter, N concentration in the
dry matter, and N uptake of Mars r ice  a t  the m id-t i l le r ing  stage of development grown on Sharkey clay. Northeast Research
Station. St. Joseph, LA. 1983.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded Drill-Seeded Hater-Seeded
kg/ha
0 1000 1240 2.04 1.79 20.4 22.3
U20 c 1.92 e 21.4 d
34 1 1880 1840 2.26 1.71 42.1 30.5
34 2 1930 1900 2.40 1.86 45.8 33.5
34 3 1490 1310 2.40 1.80 34.5 24.0
1730 b 2.07 d 35.0 c
68 1 1740 2060 2.39 2.30 39.4 47.2
68 2 1600 1850 2.29 2.56 36.2 47.8
68 3 1710 1560 2.05 1.70 35.4 26.7
1760 b 2.21 cd 38.8 c
102 1 2240 2370 2.52 2.37 56.6 57.8
102 2 2020 2270 2.31 2.29 47.8 52.4
102 3 1870 1960 2.43 1.85 45.5 35.6
2120 a 2.29 c 43.9 b
136 1 2260 2310 2.88 2.75 65.0 63.5
136 2 2060 2200 2.40 2.32 48.9 50.9
136 3 1830 1960 2.39 2.24 43.2 44.2
2100 a 2.50 b 49.4 b
170 1 2120 3280 3.24 2.75 70.9 91.6
170 2 2180 2780 2.66 2.37 58.6 66.3
170 3 1680 2330 2.94 2.25 48.4 49.6
2390 a 2.70 a 64.2 a
Cultural System Mean 1760 a 1980 a 2.42 a 2.14 a 43.8 a 43.3 a
C.V., % 31.2 11.8 32.2
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha — — % N - kg N/ha -
1 2020 a 2.41 a 50.3 a
2 1930 a 2.26 b 44.2 a
3 1670 b 2.17 b 36.2 b
U  See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a connton l e t t e r  are not s ignif icantly  different  a t  the 5* probability level according to DHRT.
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g r o w n  on S h a r k e y  c l a y  a r e  p r e s e n t e d  i n  T a b l e  36 .  T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t ion  
o f  d ry  m a t t e r  o r  t h e  N c o n c e n t r a t i o n  in t h e  d ry  m a t t e r .  However, t h e  
d r i l l - s e e d e d  r i c e  had a l a r g e r  accum ula t ion  o f  dry m a t t e r  (4540 kg /ha )  
t h a n  t h e  w a t e r - s e e d e d  r i c e  (3290 kg /ha ) .  At t h e  m i d - t i l l e r i n g  s t a g e  o f  
development  as  t h e  w a te r - s e e d e d  r i c e  had more d ry  m a t t e r  accum ula t ion  
(1980 kg/ha)  t h a n  t h e  d r i l l - s e e d e d  r i c e  (1760 k g /h a ) .  The d a ta  i n d i c a t e s  
t h a t  between t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  
deve lopment ,  t h e  d r i l l - s e e d e d  r i c e  grew more v i g o r o u s l y .  T h i s  i s  
r e f l e c t e d  in t h e  N up take  as  t h e  d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  more 
N uptake (73.5 kg N/ha) t h a n  t h e  w a te r - s e e d e d  r i c e  (51.8 kg N/ha).
Ni t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accumula t ion  o f  dry  
m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  and N uptake.  The dry 
m a t t e r  i n c r e a s e d  from 2440 k g /h a  (0 N) t o  4410 kg /ha  (170 kg N/ha) .  The 
N c o n c e n t r a t i o n  and N u p take  i n c r e a s e d  from 1.56% N (0 N) t o  1.87% N (170 
kg N/ha)  and from 38.0 kg N/ha (0 N) t o  84.1 kg N/ha (136 kg N/ha).
There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  accum ula t ion  o f  dry  m a t t e r  o r  N up take .  The N c o n c e n t r a t i o n  in  
t h e  d ry  m a t t e r  was however,  s i g n i f i c a n t l y  h i g h e r  a t  t h e  two-way s p l i t  
a p p l i c a t i o n  o f  N when compared t o  t h e  th r e e -w a y  s p l i t  a p p l i c a t i o n  o f  N. 
However, a s  p r e s e n t e d  in T a b le  3 ,  t h e  on ly  v a l i d  comparison t h a t  can be 
made a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  of  development  i s  between t h e  
two-way s p l i t  a p p l i c a t i o n  o f  N and a s i n g l e  p r e p l a n t  o r  p r e f l o o d  N 
a p p l i c a t i o n .  In t h e  th r e e -w a y  s p l i t  a p p l i c a t i o n  t h e  b a la n c e  o f  t h e  t o t a l  
N r a t e  had not  been a p p l i e d .  There  was no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  two-way s p l i t  a p p l i c a t i o n  o r  t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N 
a p p l i c a t i o n  f o r  t h e  N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r .
Table 36. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter, N concentration in the dry
matter, and N uptake of Mars r ice  a t  the panicle d i f fe ren tia tion  stage of development grown on Sharkey clay. Northeast Research
Station. St. Joseph, LA. 1983.
Dry Matter N Cone. Dry Hatter N Uptake
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0
• kg N /ha
3110 1760 1.55 1.57 48.3 27.7
2440 c 1.56 c 38.0 d
34 1 3740 2360 1.47 1.54 54.2 36.8
34 2 5080 2140 1.67 1.76 85.8 38.2
34 3 4870 2440 1.43 1.48 68.9 36.4
3 4 4 0 1.56 c 53.4 c
68 1 3840 3900 1.53 1.83 56.2 66.4
68 2 5710 3590 1.73 2.10 98.2 72.7
68 3 3580 3350 1.60 1.54 55.9 51.1
3890 ab 1.72 be 66.7 be
102 1 4930 3730 1.63 1.83 73.7 67.0
102 2 5560 2990 1.47 1.80 78.7 53.3
102 3 5570 3570 1.79 1.45 97.8 50.3
4390 a 1.66 be 70.2 ab
136 1 6530 4950 1.62 1.95 104.2 97.8
136 2 4740 4150 1.73 2.08 80.2 86.9
136 3 3800 4680 1.59 1.68 58.0 77.8
4810 a 1.77 ab 84.1 a
170 1 4870 3860 1.79 1.95 83.8 75.5
170 2 4510 4630 2.02 1.86 91.0 86.3
170 3 5000 3600 1.81 1.80 91.4 65.8
4410 a 1.87 a 82.3 a
Cultural System Mean 4540 a 3290 a 1.64 a 1.74 'a 73.5 a 51.8 b
C.V., % 37.7 14.7 35.4
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha — . . .  % N - kg N/ha -
1 3980 a 1.69 ab 66.3 a
2 3950 a 1.76 a 69.8 a
3 3820 a 1.62 b 61.7 a
1 / See Table 3 for N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t te r  are not sig n ifican tly  d iffe ren t a t the 5% p robability  level according to DMRT.
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There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accum ula t ion  o f  d ry  
m a t t e r  and N u p t a k e  a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  o f  development.  In g e n e r a l ,  N up take  p a r a l l e l e d  accumula t ion  of  
d r y  m a t t e r  a t  b o t h  p h y s i o l o g i c a l  s t a g e s  o f  d e v e l o p m e n t .  T h e s e  
r e l a t i o n s h i p s  a r e  i l l u s t r a t e d  in F ig u re s  18 and 19.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment  t h e  average  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  de c re a s ed  from 
2.28 t o  1.69% N. The d r y  m a t t e r  a c cu m u la t io n  and N up take  averages  
i n c r e a s e d  f r o m  1870  t o  3 9 1 0  k g / h a  a n d  f r o m  4 3 .6  t o  6 5 . 8  kg N / h a .  
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  26% and 11% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accounted  f o r  by t h e  accumula t ion  o f  
dry  m a t t e r  and t h e  N c o n c e n t r a t i o n  in  t h e  dry  m a t t e r  a t  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n .  At t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
a p p r o x i m a t e l y  24  p e r c e n t  o f  t h e  t o t a l  N h a d  b e e n  t a k e n  u p .  T h i s  
p e r c e n t a g e  i n c r e a s e d  t o  36 p e r c e n t  o f  t h e  t o t a l  N a t  t h e  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e  o f  development .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  t h e  mid- 
t i l l e r i n g  ( r  = 0.47**) and t h e  p a n i c l e  d i f f e r e n t i a t i o n  ( r  = 0.31**) 
s t a g e s  o f  development  wi th  g r a i n  y i e l d .  R e g re s s io n  a n a l y s i s  i n d i c a t e d  
t h a t  26% and 10% o f  t h e  v a r i a t i o n  in g r a i n  y i e l d  cou ld  be e x p la in e d  by N 
up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  ( F ig u r e s  20 and 
21 ).
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
o r  among t h e  N a p p l i c a t i o n  t im es  f o r  p l a n t  h e i g h t  (Table  37 ) .  However, N 
a p p l i c a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  p l a n t  h e i g h t  from 105 cm (0 N) t o  115 
cm (170 kg N/ha).
There  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r
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F ig u re  18. R e l a t i o n s h i p  between t h e  accum ula t ion  o f  dry  m a t t e r
and N u p take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
o f  Mars r i c e  grown on Sharkey c l a y .  N o r t h e a s t  Research 
S t a t i o n .  S t .  J o s e p h ,  LA. 1983. ** ,  S i g n i f i c a n t  a t
t h e  0 . 0 1  l e v e l  o f  p r o b a b i l i t y .
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F ig u re  19. R e l a t i o n s h i p  between t h e  a c cum ula t ion  o f  dry  m a t t e r  and 
N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  d e v e lo p ­
ment o f  Mars r i c e  grown on Sharkey c l a y .  N o r t h e a s t  
Research S t a t i o n .  S t .  J o s e p h ,  LA. 1983. ** ,  S i g n i f i ­
c a n t  a t  t h e  0 . 0 1  l e v e l  o f  p r o b a b i l i t y .
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Fig u re  20.  R e l a t i o n s h i p  between N up take  a t  t h e  m i d - t i l l e r i n g  
s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars r i c e  
grown on Sharkey c l a y .  N o r t h e a s t  Research S t a t i o n .  
S t .  J o s e p h ,  LA. 1983. **,  S i g n i f i c a n t  a t  t h e  0.01
l e v e l  o f  p r o b a b i l i t y .
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F igu re  21. R e l a t i o n s h i p  between N up take  a t  t h e  p a n i c l e  d i f f e r e n ­
t i a t i o n  s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars 
r i c e  grown on Sharkey c l a y .  N o r t h e a s t  Research S t a t i o n .  
S t .  J o s e p h ,  LA. 1983. ** ,  S i g n i f i c a n t  a t  t h e  0.01  l eve l
o f  p r o b a b i l i t y .
1 2 0
g r a i n  y i e l d  (T ab le  37) .  N i t roge n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f lu e n c e d  
g r a i n  y i e l d s  and g r a i n  y i e l d s  i n c r e a s e d  up t o  t h e  102 kg N/ha r a t e .  The 
t im e  o f  N a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  g r a i n  y i e l d s .  A s i n g l e  
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  o r  t h e  t h re e -w a y  s p l i t  a p p l i c a t i o n  o f  
N produced s i g n i f i c a n t l y  h i g h e r  g r a i n  y i e l d s  when compared t o  t h e  two-way 
s p l i t  a p p l i c a t i o n  o f  N. R egress ion  a n a l y s i s  i n d i c a t e d  t h a t  when t h e  
t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  o r  as a t h ree -w ay  s p l i t  
a p p l i c a t i o n  t h e r e  was a s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  between g r a i n  
y i e l d  and a p p l i e d  N. However, t h e r e  was a q u a d r a t i c  r e l a t i o n s h i p  between 
g r a i n  y i e l d  a n d  a p p l i e d  N when N was  a p p l i e d  a s  a t w o - w a y  s p l i t  
a p p l i c a t i o n  ( F i g u r e  2 2 ) .  H o w e v e r ,  i t  i s  n o t e d  t h a t  c a r e  m u s t  be 
e x e r c i s e d  i n  u s in g  t h e  r e g r e s s i o n  e q u a t i o n s  i n  c h a r a c t e r i z i n g  g r a i n  
y i e l d s  due t o  t h e  low c o e f f i c i e n t s  of  d e t e r m i n a t i o n s .
The  d r i l l - s e e d e d  r i c e  h a d  a g r e a t e r  p a n i c l e  d e n s i t y  ( 4 1 8
- 2  9
p a n ic l e s / m  ) when compared t o  t h e  w a t e r - s e e d e d  r i c e  (311 p a n ic l e s / m  ) 
(Table  37 ) .  There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  
systems  f o r  f l o r e t s  p e r  p a n i c l e  o r  p e r c e n t  s t e r i l e  f l o r e t s  (Tab le  38).  
Ni t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  number o f  p a n i c l e s  pe r  
s q u a re  m ete r  and p e r c e n t  s t e r i l e  f l o r e t s .  The s i g n i f i c a n t  d i f f e r e n c e  due 
t o  N f o r  p a n i c l e  d e n s i t y  o c c u r r e d  on ly  when t h e  check p l o t  (0 N) was 
compared t o  t h e  p l o t s  r e c e i v i n g  f e r t i l i z e r  N. There  was, however , a 
g e n e r a l  i n c r e a s e  i n  p a n i c l e  d e n s i t y  w i t h  N a d d i t i o n s .  The p e r c e n t  
s t e r i l e  f l o r e t s  i n c r e a s e d  f r o m  9.0% (0 N) t o  13.9% ( 1 7 0  kg N / h a ) .  
N i t rogen  a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  f l o r e t s  p e r  p a n i c l e .  
The number o f  f l o r e t s  p e r  p a n i c l e  v a r i e d  from 117 t o  136 o v e r  t h e  N 
r a t e s .
There were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r
Table 37 . The influence of cultural system, N ra te ,  and time of N application on plant
height and yield  of Mars r ice  grown on Sharkey clay. Northeast Research Station.
St. Joseph, LA. 1983.
Cultural System D rill Seeded Water Seeded D rill Seeded Water Seeded 
N Rate N Time 1/
kg/ha   cm ------    k g /h a ---------------
0______________________ 107___________ 103 5990_____________ 5940
IS3"1 5970 c
34 1 110 102 6660 6200
34 2 108 103 7000 6150
34 3 112_____________ 103 6760_____________ 7120
106 c 6650 b
68 1 111 110 6750 7030
68 2 109 112 6520 6710
68 3 115 108 7000 6820
111 b 6810 b
102 1 112 116 7210 7530
102 2 110 112 6890 6900
102 3 113 106 7480 7900 nrs -----------  7Wi-------
136 1 112 111 7410 7240
136 2 111 114 6880 7540
136 3 U3 H5 6990  7640
113 ab 7280 a
170 1 115 112 7140 7890
170 2 114 114 6920 7060
170 3 116 118 7060 8000
T T T a  7 3 5 0 ~ a
Cultural System Mean 111 a 109 a 6810 a 6980 a
C.V., % 3.9 9.7
N Time 2/ Plant Height Grain Yield P 12% Moisture
 cm   -------------k g /h a ----------------
1 110 a 6950 a
2 109 a 6650 b
3 111 a 7090 a
U  See Table 3 fo r N application  time descrip tion .
2/ N time means over cu ltu ra l systems and N ra te s .
Means followed by a common le t t e r  are not s ig n ific a n tly  d iffe re n t a t the 5% probability  
level according to DMRT.
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Figure  22.  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on t h e  g r a i n  
y i e l d  o f  Mars r i c e  grown on Sharkey c l a y .  N o r t h e a s t  
Research S t a t i o n .  S t .  J o s e p h ,  LA. 1983. * ,  S i g n i f i c a n t  
a t  t h e  0 .05  l e v e l  o f  p r o b a b i l i t y .
Table 38. The influence of cultural system, N ra te ,  and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s t e r i l e  f lo re ts  of  Mars r ice  grown on Sharkey clay. Northeast Research Station. St. Joseph, LA. 1983.
Panicles Per Square Meter Florets Per Panicle Per Cent S ter ile  Florets
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0
2
312 220 128 119 10.1 7.9
266 b 124 a 9.0 c
34 1 371 332 123 117 11.2 8.1
34 2 437 281 127 112 12.6 7.4
34 3 456 293 112 112 11.2 9.0
362 a 117 a 9.9 be
68 1 367 382 140 128 12.4 12.8
68 2 532 362 121 153 13.1 10.7
68 3 336 215 144 132 16.0 8.4
366 a 136 a 12.2 ab
102 1 447 449 105 131 10.5 10.1
102 2 437 •299 111 125 11.4 8.2
102 3 439 290 162 133 20.4 9.6
394 a 128 a l l .7  abc
136 1 548 326 129 139 12.1 9.2
136 2 435 389 123 125 11.6 9.3
136 3 420 320 139 135 14.8 10.2
406 a 132 a 11.2 abc
170 1 503 349 141 114 15.2 8.6
170 2 460 358 117 120 16.3 13.6
170 3 392 296 153 124 20.2 9.6
393 a 128 a 13.9 a
Cultural System Mean 418 a 311 b 130 a 126 a 13.3 a 9.4 a
C.V., % 22.8 19.4 39.1
N Time 2/ Panicles Per Square Meter Floretsi Per Panicle Per Cent S te rile  F lorets
2 • No. •
1 390 a 125 a 10.7 a
2 376 a 121 a 10.9 a
3 327 b 137 b 12.4 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a common l e t t e r  are not s ignif icantly  d ifferent  a t  the 57, probability level according to DMRT.
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p a n i c l e s  p e r  squa re  m ete r  and f l o r e t s  p e r  p a n i c l e s .  P a n i c l e  d e n s i t y  was 
s i g n i f i c a n t l y  g r e a t e r  when N was a p p l i e d  as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  
a p p l i c a t i o n  i n  r e l a t i o n  t o  t h e  t h r e e - w a y  s p l i t  a p p l i c a t i o n  o f  N. 
C o n v e r s e ly ,  t h e  number o f  f l o r e t s  p e r  p a n i c l e  were g r e a t e s t  when N was 
a p p l i e d  a s  a th r e e -w a y  s p l i t  a p p l i c a t i o n  when compared t o  t h e  s i n g l e  
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  o r  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N. 
The s i g n i f i c a n t  N a p p l i c a t i o n  t ime  d i f f e r e n c e s  f o r  p a n i c l e  d e n s i t y  and 
f l o r e t s  p e r  p a n i c l e  a r e  i n  agreement  w i th  t h e  r e s e a r c h  r e p o r t e d  by 
P a t r i c k  and Mikkelsen  (1971) .  These r e s e a r c h e r s  a dvoca ted  b a s a l  N 
a p p l i c a t i o n s  f o r  i n c r e a s e d  p a n i c l e  d e n s i t y  and a p p l i c a t i o n  o f  N a t  
p a n i c l e  d i f f e r e n t i a t i o n  f o r  i n c r e a s e d  f l o r e t s  p e r  p a n ic l e .  There  was no 
s i g n i f i c a n t  d i f f e r e n c e  among t h e  N a p p l i c a t i o n  t im es  f o r  p e r c e n t  s t e r i l e  
f l o r e t s .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  mid- 
t i l  l e r i n g  and p a n i c l e s  pe r  square  m e te r  ( r  = 0.30**) and between N up take  
a t  p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  p e r  p a n ic e l  ( r  = 0.27**) . Th is  is  
in agreement  w i th  Murayama (1979) who found p o s i t i v e  c o r r e l a t i o n s  between 
N up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  wi th  t h e s e  two 
y i e l d  components .
The re  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  weight  o r  
t h e  p a n i c l e  w e i g h t  ( T a b l e  3 9 ) .  N i t r o g e n  a p p l i c a t i o n  d i d  n o t  
s i g n i f i c a n t l y  i n f l u e n c e  t h e  number o f  g r a i n s  p e r  p a n i c l e  o r  t h e  p a n i c l e  
w e igh ts .  The number o f  g r a i n s  p e r  p a n i c l e  and p a n i c l e  w e ig h ts  were 
r e l a t i v e l y  c o n s t a n t  va ry in g  on ly  from 105 t o  120 g r a i n s  p e r  p a n i c l e  and 
from 2.78 t o  3.18 grams f o r  p a n i c l e  w e igh ts  over  t h e  N r a t e s .  N i t roge n  
a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  one thousand  g r a i n  w e igh t .  The
Table 39. The influence of cultural system, N ra te ,  and time of N application on the number of grains per panicle, the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Sharkey clay. Northeast Research Station. St. Joseph,
LA. 1983.
Grains Per Panicle 1000 Grain Height Panicle Weight
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Wateir-Seeded
grams grams
0 115 110 26.0 26.9 3.07 3.01
113 a 267? c 3.04 a
34 1 110 107 26.0 25.6 2.92 2.78
34 2 111 102 25.7 26.0 2.94 2.70
34 3 99 102 26.3 25.7 2.70 2.64
105 a 25.9 abc 2.78 a
68 1 123 112 25.2 25.9 3.17 2.96
68 2 105 137 25.8 25.2 2.78 3.51
68 3 121 121 26.2 27.9 3.27 3.40
120 a 26.1 be 3.18 a
102 1 94 117 26.6 25.5 2.58 3.03
102 2 98 114 26.2 25.4 2.64 2.94
102 3 128 120 25.5 27.0 3.43 3.34
112 a 26 .0  be 2.99 a
136 1 113 126 25.4 25.4 2.97 3.23
136 2 108 113 25.7 25.1 2.88 2.91
136 3 118 121 25.0 26.5 3.18 3.27
117 a 25.5 a 3.0> a
170 1 119 105 25.5 24.8 3.24 2.66
170 2 98 100 25.2 25.8 2.60 2.65
170 3 123 112 24.9 25.7 3.26 2.73
110 a 25.3 a 2.86 a
Cultural System Mean 112 a 113 a 25.7 a 26.0 a 2.99 a 2.99 a
C.V., % 18.9 4.2 18.5
N Time 2/ Grains Per Panicle 1000 Grain Weight Panicle Weight
-  No. •- grams - — ■ grams
1 I l l  ab 25.8 a 2.94 a
2 107 b 25.7 a 2.82 a
3 119 a 26.1 a 3.20 b
U  See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a ccmmon le t t e r  are not s ig n ifican tly  d iffe ren t a t the 5,' probability  level according to DMRT.
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one thousand  g r a i n  we igh t  de c re a s ed  from 26.4 grams (0 N) t o  25.3 grams 
( 1 7 0  kg N / h a ) .  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  f o r  t h e  number o f  g r a i n s  pe r  p a n ic l e .  The number o f  g r a i n s  
p e r  p a n i c l e  were maximized when N was a p p l i e d  as  a t h r e e -w a y  s p l i t  
a p p l i c a t i o n .  T h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im e s  f o r  t h e  one th ousa nd  g r a i n  w e ig h t  o r  t h e  p a n i c l e  
weight .  However, bo th  t h e  one thousand  g r a i n  weight  and p a n i c l e  weight  
were l a r g e r  when N was a p p l i e d  as a th re e -w a y  s p l i t  a p p l i c a t i o n .  This  i s  
in  agreement  w i th  Murata (1969)  who found t h a t  t h e  s m a l l e r  p r e p l a n t  o r  
p r e f l o o d  a p p l i c a t i o n s  o f  N t h e  l a r g e r  t h e  e f f e c t  o f  t o p d r e s s i n g  on t h e  
one thousand  g r a i n  weight .
M u l t i p l e  r e g r e s s i o n  a n a ly s e s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  
r e l a t i o n s h i p  between g r a i n  y i e l d  and p a n i c l e  d e n s i t y ,  t h e  number o f  
g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  weight .
There were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
t h e  s t r a w  y i e l d ,  and t h e  N up take  (T ab le  40 ) .  The d r i l l - s e e d e d  r i c e  had 
a s i g n i f i c a n t l y  h i g h e r  s t r a w  y i e l d  (10640 kg /ha  vs .  7180 k g /h a )  and 
s i g n i f i c a n t l y  g r e a t e r  N u p tak e  (72.9 kg N/ha vs .  51.5 kg N/ha) when 
compared t o  t h e  w a t e r - s e e d e d  r i c e  (Table  39) .  There was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  t h e  N c o n c e n t r a t i o n  in t h e  
s t r a w .
N i t r o g e n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  s t r a w  y i e l d ,  t h e  N 
c o n c e n t r a t i o n  in t h e  s t r a w ,  and N up take .  The s t r a w  y i e l d  i n c r e a s e d  from 
6060 k g /h a  (0 N) t o  10880 (170 kg N/ha ) .  The N c o n c e n t r a t i o n  in  t h e  
s t r a w  and N up take  i n c r e a s e d  from 0.61% N (34 kg N/ha) t o  0.76% N (170 kg 
N/ha) and from 39.6 kg N/ha (0 N) t o  82.3 kg N/ha (170 kg N/ha) .  There  
was s i g n i f i c a n t l y  l e s s  s t r a w  produced when N was a p p l i e d  a s  s p l i t
Table 40. The influence of cultural system, N ra te ,  and time of N application on the yield of straw, N concentration in the straw, and
N uptake by the straw of Mars r ice  grown on Sharkey clay. Northeast Research Station. St. Joseph, LA. 1983.
Straw Yield N Cone. Straw N Uptake Straw
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time \ !
kg/ha  k g /h a -----------------   % N --------------------   kg N /ha
0 7550 4720 0.64 0.66 47.2 31.9
6060 e 0.65 cd 39.6 d
34 1 9220 5600 0.65 0.55 60.2 30.4
34 2 9640 6110 0.64 0.64 61.9 38.3
34 3 10660 5510 0.67 0.54 72.0 29.8
7790 d 0.61 d 48.8 d
68 1 9400 9090 0.73 0.73 69.8 65.7
68 2 11300 6730 0.71 0.91 80.5 60.6
68 3 9420 5340 0.67 0.70 62.8 37.7
8550 cd 0.74 ab 62.8 c
102 1 11230 9600 0.62 0.74 70.7 72.1
102 2 10230 7220 0.65 0.69 66.3 50.2
102 3 11710 7320 0.74 0.65 85.3 48.7
9560 be 0.68 cd 65.5 be
136 1 14810 8440 0.66 0.79 98.9 63.7
136 2 10810 9660 0.66 0.74 71.2 69.7
136 3 11930 8220 0.68 0.77 79.9 62.4
10640 ab 0.71 abc 74.3 ab
170 1 15050 9290 0.75 0.71 111.6 66.9
170 2 12550 9260 0.67 0.74 84.5 69.1
170 3 11430 7700 0.83 0.88 95.5 66.4
10880 a 0.76 a 82.3 a
Cultural System Mean 10640 a 7180 b 0.68 a 0.71 a 72.9 a 51.5
C.V., % 21.8 17.0 27.9
N Time 2/ Straw Yield N Cone. Straw N Uptake Straw
- kg/ha — ----- X N — - - kg N /  ha —
1 9540 a 0.69 a 65.8 a
2 8750 b 0.69 a 60.3 a
3 8280 b 0.71 a 60.6 a
1/ See Table 3 Tor N application time description.
2/ N time i:c-ans over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not significantly  different  a t  the 5% probability level according to DMRT.
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a p p l i c a t i o n s  in r e l a t i o n  t o  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  N c o n c e n t r a t i o n  in  t h e  s t r a w  o r  N uptake .  The N c o n c e n t r a t i o n  o f  t h e  
s t r a w  was l a r g e r  when N was a p p l i e d  as a th r e e -w a y  s p l i t  a p p l i c a t i o n  b u t  
t h e  N up take  by t h e  s t r a w  was g r e a t e r  when N was a p p l i e d  as  a s i n g l e  
p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
The d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  more N absorbed  by t h e  g r a i n  
(141.1 kg N/ha) when compared t o  t h e  w a t e r - s e e d e d  r i c e  (105.9 kg N/ha) 
(Tab le  41) .  There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  
systems f o r  t h e  N c o n c e n t r a t i o n  in  t h e  g r a i n  (Table  41) .  N i t rogen  
a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N uptake.  N up take  in c r e a s e d  
f r o m  9 5 . 8  kg N / h a  (0 N) t o  1 4 2 .7  kg N / h a  ( 1 3 6  kg N / h a ) .  N i t r o g e n  
a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  N c o n c e n t r a t i o n  in t h e  
g r a i n .  The N c o n c e n t r a t i o n  in t h e  g r a i n  was r e l a t i v e l y  c o n s t a n t  va ry ing  
o n l y  f r o m  1.37 t o  1.42% N o v e r  a l l  o f  t h e  N r a t e s .  T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  among  t h e  N a p p l i c a t i o n  t i m e s  f o r  t h e  N 
c o n c e n t r a t i o n  in t h e  g r a i n  o r  N uptake.
The d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  g r e a t e r  t o t a l  N up take  
(214.0 kg N/ha) than  t h e  w a t e r - s e e d e d  r i c e  (157.4 kg N/ha) (Table  42) .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
h a r v e s t  index (HI) o r  N h a r v e s t  index (NHI) (Table  4 1 ) .  The d r i l l - s e e d e d  
r i c e  d i d ,  however , have a lower HI and NHI. N i t ro g e n  s i g n i f i c a n t l y  
i n f l u e n c e d  t h e  HI,  t o t a l  N u p t a k e ,  and NHI. T o t a l  N up take  i n c r e a s e d  
from 135.3 kg N/ha (0 N) t o  217.0 kg N/ha (170 kg N/ha) .  Both t h e  HI and 
NHI were h i g h e r  a t  t h e  check  p l o t  (0 N) and lower a t  t h e  170 kg N/ha 
r a t e .  A HI o f  0.49 and a NHI o f  0.66 i n d i c a t e  t h a t  t h e  most e f f i c i e n t  
p a r t i t i o n i n g  of  t h e  t o t a l  dry m a t t e r  and t r a n s l o c a t i o n  o f  N t o  t h e  g r a i n
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Table 41. The influence of cultural system, N ra te ,  and time of N application on N concentrator
in the grain and N uptake by the grain of Mars r ice  grown on Sharkey clay. Northeast
Research Station. St. Joseph, LA. 1983.
N Cone. Grain N Uptake Grain
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1/
kg/ha   % N -------------------    kg N /  ha
0 1.38 1.39 115.5 76.0
1.39 a 95.8 d
34 1 1.51 1.34 124.8 85.3
34 2 1.34 1.22 142.4 91.9
34 3 1.25 1.28 160.3 86.8
1.40 a 115.3 c
68 1 1.38 1.35 125.4 139.2
68 2 1.34 1.22 146.3 113.4
68 3 1.41 1.29 126.8 96.5
1.41 a 124.6 be
102 1 1.35 1.33 138.8 133.0
102 2 1.26 1.36 123.9 102.0
102 3 1.32 1.27 157.8 114.0
1.37 a 128.2 ab'c
136 1 1.38 1.38 168.3 128.6
136 2 1.37 1.30 140.3 123.3
136 3 1.26 1.28 166.9 128.9
1.41 a 142.7 a
170 1 1.37 1.28 180.7 114.9
170 2 1.38 1.27 139.4 105.9
170 3 1.40 1.34 151.0 114.1
1.42 a 134.4 ab
Cultural System Mean 1.41 a 1.39 a 141.1 a 105.9
C.V., % 4.9 19.9
N Time 2/ N Cone. Grain N Uptake Grain
— — % N — - - kg N /  ha - -
1 1.40 a 128.0 a
2 1.39 a 117.8 a
3 1.42 a 124.7 a
\ /  See Table 3 fo r N app lication  time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common l e t t e r  are not s ig n ifican tly  d iffe ren t a t  the 5“ p robability  
level according to DMRT.
Table 42. The influence of cultural system, N ra te ,  and time of N application on Harvest Index (HI) tota l  nitrogen uptake, and Nitrogen
Harvest Index (NHI) of Hars rice grown on Sharkey clay. Northeast Research Station. St. Joseph, LA. 1983.
Harvest Index Total N Uptake Nitrogen Harvest Index
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-See
kg/ha
0 0.53 0.53 162.6 108.0 0.71 0.71
0.53 c 135.3 d 0.71 c
34 1 0.49 0.53 185.1 115.8 0.67 0.73
34 2 0.51 0.52 204.3 130.3 0.70 0.71
34 3 0.52 0.52 232.4 116.5 0.69 0.74
0.52 be 164.1 c 0.71 c
68 1 0.49 0.52 195.2 204.9 0.65 0.68
68 2 0.48 0.54 226.8 174.0 0.64 0.66
68 3 0.50 0.56 189.7 134.2 0.67 0.72
0.51 be 187.5 b 0.67 b
102 1 0.47 0.49 209.5 205.1 0.67 0.64
102 2 0.48 0.50 190.1 152.3 0.65 0.67
102 3 0.49 0.53 243.1 162.7 0.64 0.71
0.49 b 193.8 b 0.66 b
136 1 0.46 0.51 267.2 192.3 0.63 0.67
136 2 0.48 0.48 211.5 193.0 0.66 0.64
136 3 0.50 0.52 246.8 191.3 0.68 0.68
0.49 b 216.7 a 0.66 b
170 1 0.46 0.46 292.3 181.7 0.61 0.64
170 2 0.45 0.47 223.8 175.0 0.63 0.63
170 3 0.47 0.52 246.5 180.0 0.61 0.63
0.47 a 217.0 a 0.62 a
Cultural System Mean 0.49 a 0.51 a 214.0 a 157.4 b 0.66 a 0.68
C.V., % 7.6 20.6 6.8
N Time 2/ Harvest Index Total N Uptake Nitrogen Harvest Index
----- HI — ■- kg N /ha — -  NHI —
1 0.50 a 204.9 a 0.67 a
2 0.50 a 178.1 b 0.67 a
3 0.52 b 185.3 ab 0.68 a
U  See Table 3 fo r N application time descrip tion .
2/ N time means over cultural systems and N ra te s .
Means followed by a common le t te r  are not sig n ifican tly  d iffe ren t a t  the 5% probability  level according to  DMRT.
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o c c u r r e d  a t  t h e  102 kg N/ha r a t e  s i n c e  g r a i n  y i e l d s  were s i g n i f i c a n t l y
i n c r e a s e d  up t o  t h i s  N r a t e .  The NHI was s i g n i f i c a n t l y  g r e a t e r  when N
was a p p l i e d  as  a t h re e -w a y  s p l i t  a p p l i c a t i o n  o f  N in  r e l a t i o n  t o  t h e
s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  o r  t h e  t w o - w a y  s p l i t
a p p l i c a t i o n  o f  N. The t o t a l  N up take  was s i g n i f i c a n t l y  h i g h e r  when N was 
a p p l i e d  as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n  o f  N in  r e l a t i o n  t o  
t h e  t w o - w a y  s p l i t  a p p l i c a t i o n  o f  N. T h e r e  w e r e  no s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  NHI.
R e l a t i o n s h i p s  as shown by s imple c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  components ,  p a n i c l e  w e i g h t s ,  h a r v e s t  indexes  (HI) and N h a r v e s t  
indexes  (NHI) a r e  p r e s e n t e d  in (T a b le  43 ) .
P a n i c l e  we igh t  was most  h ig h ly  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  g r a i n s  
p e r  p a n i c l e .  There  were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between 
p a n i c l e s  p e r  squa re  m e t e r ,  t h e  one thousand  g r a i n  w e i g h t ,  h a r v e s t  index  
(HI) and n i t r o g e n  h a r v e s t  index (NHI). The d a ta  i n d i c a t e s  as p a n i c l e s  
p e r  square  m e te r  i n c r e a s e ,  t h e  one thousand  g r a i n  w e i g h t ,  HI,  and NHI 
d e c re a s e .  F l o r e t s  p e r  p a n i c l e  was s i g n i f i c a n t l y  c o r r e l a t e d  wi th  g r a i n s  
p e r  p a n i c l e ,  HI and p e r c e n t  s t e r i l e  f l o r e t s .  The one thousand  g r a i n  
w e i g h t  wa s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  HI  a n d  NHI.  HI  was  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  NHI .  T h i s  was e x p e c t e d  d u e  t o  t h e  
s i m i l a r i t y  o f  t h e i r  d e f i n i t i o n s .  HI and NHI were found t o  have n e g a t i v e  
c o r r e l a t i o n s  wi th  p e r c e n t  s t e r i l e  f l o r e t s .
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in  Tab le  43 i l l u s t r a t e  how 
t h e  y i e l d  components i n t e r a c t  and compensate  each o t h e r  in  d e te r m in in g  
t h e  y i e l d  o f  r i c e  (Matsushima,  1964).  The s i g n i f i c a n t  c o r r e l a t i o n s  with 
HI and NHI a r e  p ro b a b ly  due t o  t h e  s i m i l a r  o r  o p p o s i t e  re sponse  o f  HI, 
NHI ,  a n d  t h e  y i e l d  c o m p o n e n t s  t o  N a p p l i c a t i o n s .  H o w e v e r ,  t h e
Table 43. Relationships as shown by simple co-relation coefficients (r) among yield  components, panicle weights, harvest indexes
(HI) and nitrogen harvest indexes (NHI) of Mars r ice  grown on Sharkey clay. Northeast Research Station. St. Joseph,
LA. 1983.
Panicles Florets
- 2m panicle
Grains
panicle
1000-grain Harvest Nitrogen Percent
weight Index Harvest Index s te r i le  f lo re ts
Panicle wt.
Panicles/m 
Florets/pan icle  
Grain/panicle 
1000-grain wt.
Harvest Index 
Nitrogen Harvest Index
-0.23** 0.94**
-0.13
0.97**
- 0 .20*
0.96**
0.06
-0.28**
-0.17*
-0.15
0.39**
-0.50**
0.27**
0.37**
0.25**
0.04
-0.39**
- 0 . 1 0
0.02
0.25**
0.76**
0.13
0.19*
0.37**
0.09
- 0 . 1 2
-0.25**
-0.40**
*,** Significant a t the 0.05 and 0.01 levels of p robab ility , respectively.
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  of  p e r c e n t  s t e r i l e  f l o r e t s  wi th  HI and 
NHI may be due t o  t h e  mutual shad ing  e f f e c t  o r  t h e  reduced number o f  
ge rm ina ted  p o l l e n  a t  t h e  s t igma d i s c u s s e d  p r e v i o u s l y  in S e c t i o n  I .  Both 
t h e  mutual  shading e f f e c t  and t h e  r e d u c t i o n  in  t h e  number o f  ge rm ina ted  
p o l l e n  i n c r e a s e  as  N r a t e s  a r e  i n c re as e d .  A s i g n i f i c a n t  c o r r e l a t i o n  ( r  = 
0.39**) between p e r c e n t  s t e r i l e  f l o r e t s  and s t r a w  y i e l d  and s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  between HI ( r  = - 0 .5 7 * * ) ,  NHI ( r  = -  0.53**) and 
s t r a w  y i e l d  may lend  s u p p o r t  t o  t h e  mutual  shad in g  e f f e c t  c aus ing  
in c r e a s e d  f l o r e t  s t e r i l i t y  as  N r a t e s  a r e  in c r e a s e d .  These c o r r e l a t i o n s  
would s u p p o r t  t h e  mutual shad in g  t h e o r y  i f  i t  assumed t h a t  t h e r e  a r e  
r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual shading.
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The i n f l u e n c e  o f  c u l t u r a l  sys tem, N r a t e ,  and t ime  o f  N a p p l i c a t i o n  
on t h e  accum ula t ion  o f  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  o f  Mars r i c e  grown 
on Gigger  s i l t  loam a r e  p r e s e n t e d  in Tab le  44. There  were no s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  c u l t u r a l  system f o r  t h e  a c cu m u la t io n  o f  dry  
m a t t e r  on N up take  by t h e  r i c e  p l a n t s .  The d r i l l - s e e d e d  r i c e  d i d ,  
however ,  have a h i g h e r  N c o n c e n t r a t i o n  in t h e  dry  m a t t e r  (3.69% N) when 
compared t o  t h e  w a t e r - s e e d e d  r i c e  (2.59% N).
Ni t rogen  a p p l i c a t i o n  d id  not  s i g n i f i c a n t l y  i n f l u e n c e  t h e  accum ula t io n  
o f  dry m a t t e r .  With t h e  e x c e p t i o n  o f  dry m a t t e r  accum ula t ion  a t  t h e  
check p l o t  (0 N) t h e  accum ula t ion  o f  d ry  m a t t e r  was r e l a t i v e l y  
c o n s t a n t  va ry in g  on ly  from 730 t o  830 kg /ha  ov e r  t h e  N r a t e s .  N i t rogen  
a p p l i c a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
and t h e  N up take .  The N c o n c e n t r a t i o n  and N u p take  i n c r e a s e d  from 2.06% 
(0 N) t o  3.57% N (136 kg N/ha)  and from 8.5 kg N/ha (0 N) t o  28.1 kg N/ha 
(170 kg N/ha) .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  accum ula t io n  o f  dry  m a t t e r  o r  N up take .  There were s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  t h e  N c o n c e n t r a t i o n  in t h e  
d ry  m a t t e r .  However, as  p r e s e n t e d  i n  Tab le  3 ,  N a p p l i c a t i o n  t im e  
d i f f e r e n c e s  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  a r e  in r e a l i t y  
d i f f e r e n c e s  i n  N r a t e s .  The  b a l a n c e  o f  t h e  N r a t e  i n  t h e  s p l i t
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Table 44. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter,  N concentration in the
dry matter,  and N uptake of Mars r ice  a t  the m id-t i l le r ing  stage of development grown on Gigger s i l t  loam. Macon Ridge Branch
of the Northeast Research Station. Winnsboro, LA. 1983.
Dry Matter N Cone. Dry Matter N Uptake
Cultural System Drill-Seeded Hater-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  k g /h a ......................................................... % N ........... ............................................... kg N /ha
0 340 520 2.36 1.77 7.8 9.2
430 a 2.06 d 8.5 b
34 1 630 750 3.23 2.11 19.5 15.9
34 2 560 740 3.36 2.39 18.9 17.7
34 3 1260 760 3.25 1.84 42.4 13.5
790 a 2.69 c 21.1 a
68 1 730 820 4.00 2.65 29.4 21.6
68 2 720 860 3.43 2.06 24.4 17.7
68 3 600 670 3.09 2.36 17.9 15.7
730 a 2.93 b 21.3 a
102 1 790 930 4.10 2.86 32.7 26.3
102 2 650 790 3.98 2.88 25.7 22.5
102 3 710 850 3.76 2.69 26.4 23.2
790 a 3.38 a 26.1 a
136 1 670 920 4.18 3.33 28.2 30.7
136 2 650 870 4.08 2.93 26.3 25.5
136 3 620 920 3.98 2.93 24.3 26.6
780 a 3.57 a 27.2 a
170 1 740 1080 4.21 3.08 31.0 32.7
170 2 730 930 4.06 2.99 29.8 27.1
170 3 630 910 3.96 2.53 25.2 22.8
830 a 3.47 a 28.1 a
Cultural System Mean 690 a 830 a 3.69 a 2.59 b 25.6 a 21.8 a
C.V., % 41.1 9.8 46.4
N Time y Dry Matter N Cone. Dry Matter N Uptake
--kg/ha — • 1 K - - kg N/ha -
1 790 a 3.37 a 26.8 a
2 750 a 3.21 b 23.5 a
3 730 a 2.88 c 21.3 a
1/ See Table 3 for N application time descrip tion .
2/ N time means over cultural systems and N ra te s .
Means followed by a common le t t e r  are not s ig n ifican tly  d iffe ren t a t the 5X probability  level according to DMRT. o j
c n
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a p p l i c a t i o n s  had no t  been a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e  
v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  deve lopment  were l a r g e s t  
when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
The i n f l u e n c e  o f  c u l t u r a l  sys tem, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t ion  o f  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  o f  Mars 
r i c e  grown on Gigger  s i l t  loam a re  p r e s e n t e d  in Tab le  45. There  was no 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t ion  
o f  d r y  m a t t e r .  The d r i l l - s e e d e d  r i c e  d id  accumula te  more dry m a t t e r  
(3650 kg /ha )  when compared t o  t h e  w a te r - s e e d e d  r i c e  (3040 k g / h a ) .  At t h e  
m i d - t i l l e r i n g  s t a g e  o f  development  t h e  w a te r - s e e d e d  r i c e  accumulated more 
dry m a t t e r  (830 k g /h a )  th a n  th e  d r i l l - s e e d e d  r i c e  (690 k g / h a ) .  The d a t a  
i n d i c a t e s  t h a t  between t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e  o f  development  s t a g e s ,  t h e  d r i l l - s e e d e d  r i c e  grew more v i g o r o u s l y .  
Th is  i s  r e f l e c t e d  i n  t h e  N up take  a s  t h e  d r i l l - s e e d e d  r i c e  p l a n t s  
s i g n i f i c a n t l y  took  up more N (66.5 kg N/ha)  t h a n  t h e  w a te r - s e e d e d  r i c e  
p l a n t s  (41.6 kg N/ha) .  The d r i l l - s e e d e d  r i c e  a l s o  had a s i g n i f i c a n t l y  
g r e a t e r  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  t h a n  t h e  w a t e r - s e e d e d  r i c e .
N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accum ula t ion  o f  
dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  and N up take .  The dry  
m a t t e r  accum ula t ion  i n c r e a s e d  from 1720 kg/ha  (0 N) t o  4240 kg /ha  (170 kg 
N/ha) .  The N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and N up take  in c r e a s e d  from 
1.32% N (34 kg N/ha)  t o  1.76% N (170 kg N/ha) and from 23.8 kg N/ha (0 N) 
t o  77.1 kg N/ha (170 kg N/ha ) .
There  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  accum ula t io n  o f  dry m a t t e r ,  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  and N 
uptake .  However, a s  p r e s e n t e d  in Tab le  3 ,  t h e  on ly  v a l i d  comparison t h a t
Table 45. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter, N concentration in the dry
matter,  and N uptake of Mars r ice  a t  the panicle d i f feren tia tion  stage of development grown on Gigger s i l t  loam. Hacon Ridge
Branch of the Northeast Research Station. Winnsboro, LA. 1983.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  k g /h a -------------------   % N ----------------------  kg N /ha
0 1610 1820 1.45 1.34 22.9 24.6
1720 d 1.40 c 23.8 d
34 1 2910 2500 1.57 1.22 45.5 30.8
34 2 2720 2620 1.43 1.15 38.7 29.0
34 3 2530 2780 1.51 1.07 38.1 29.7
2680 c 1.32 c 35.3 c
68 1 3280 2620 1.49 1.23 50.0 38.1
68 2 3440 3010 1.68 1.32 56.8 39.1
68 3 3200 2340 1.44 1.15 46.7 26.8
2980 cb 1.38 c 41.9 c
102 1 3910 3250 1.83 1.29 71.7 42.1
102 2 4090 3200 2.08 1.38 85.8 44.3
102 3 3320 2410 1.76 1.25 58.7 30.5
3360 b 1.60 b 55.5 b
136 1 4150 4130 2.00 1.56 84.5 65.1
136 2 4540 3680 2.12 1.75 95.4 64.5
136 3 3810 3780 , 1.75 1.30 65.6 49.0
4020 a 1.75 a 70.7 a
170 1 5110 3360 2.22 1.47 112.0 50.1
170 2 5140 4190 2.00 1.74 103.2 72.0
170 3 4660 2960 1.88 1.23 88.7 36.4
4240 a 1.76 a 77.1 a
Cultural System Mean 3650 a 3040 a 1.76 a 1.34 b 66.5 a 41.6 b
C.V., % 22.6 13.6 29.1
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha — —  % N - - kg N/ha -
1 3520 a 1.59 a 58.4 a
2 3660 a 1.66 a 62.9 a
3 2930 b 1.42 b 43.2 b
y  See Table 3 for N application time description.
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t te r  are not sig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT.
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can be  made a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  i s  
between t h e  two-way s p l i t  a p p l i c a t i o n  o f  N and a s i n g l e  p r e p l a n t  o r  
p r e f l o o d  N a p p l i c a t i o n .  In  t h e s e  N a p p l i c a t i o n  t im es  t h e  t o t a l  N r a t e  
had been a p p l i e d .  In t h e  th r e e -w a y  s p l i t  a p p l i c a t i o n  t h e  ba la nc e  o f  t h e  
t o t a l  N r a t e  had no t  been a p p l i e d .  There  was no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  two-way s p l i t  a p p l i c a t i o n  and t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  
N a p p l i c a t i o n  f o r  t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in 
t h e  dry m a t t e r ,  o r  t h e  N up take .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accumula t ion  o f  dry 
m a t t e r  and N u p take  a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  o f  development .  In g e n e r a l ,  N up take  p a r a l l e l e d  t h e  accumula t ion  
o f  d ry  m a t t e r  a t  bo th  p h y s i o l o g i c a l  s t a g e s  o f  deve lopment .  These 
r e l a t i o n s h i p s  a re  i l l u s t r a t e d  in F ig u re s  23 and 24.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment ,  t h e  a ve rage  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  de c re a s ed  from 
3.14 t o  1.55% N. The d ry  m a t t e r  accum ula t ion  and N up take  ave rages  
i n c r e a s e d  from 760 t o  3340 kg /ha  and from 23.7 t o  54.1 kg N/ha. M u l t i p l e  
r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  w e r e  no  s i g n i f i c a n t  
r e l a t i o n s h i p s  between g r a i n  y i e l d  and t h e  accum ula t ion  o f  dry m a t t e r  and 
t h e  N c o n c e n t r a t i o n  in  t h e  d ry  m a t t e r  a t  m i d - t i l l e r i n g  and p a n i c l e  
d i f f e r e n t i a t i o n .  At t h e  m i d - t i l l e r i n g  s t a g e  o f  development  app rox im ate ly  
19 p e r c e n t  o f  t h e  t o t a l  N had been t a k e n  up. The p e r c e n ta g e  i n c r e a s e d  t o  
39 p e r c e n t  o f  t h e  t o t a l  N a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment .  There were no s i g n i f i c a n t  r e l a t i o n s h i p s  between N uptake  a t  
t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  of  development  wi th  
g r a i n  y i e l d .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems
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Figu re  23.  R e l a t i o n s h i p  between t h e  accum ula t io n  o f  dry  m a t t e r
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
o f  Mars r i c e  grown on Gigger  s i l t  loam. Macon Ridge 
Branch o f  t h e  N o r t h e a s t  Research  S t a t i o n .  Winnsboro,  
LA. 1983.  ** ,  S i g n i f i c a n t  a t  t h e  0 .01  l e v e l  of
p r o b a b i l i t y .
DR
Y 
M
AT
TE
R-
PA
NT
CL
E 
D
IF
FE
R
EN
TI
A
TI
O
N
,K
G
/H
A
140
4400-1
4000
3600
3200
2 8 0 0 -
2 4 0 0 -
2000
1600-
80604020
N UPTAKE—PANICLE DIFFERENTIATION,KG N/HA
Figure  24.  R e l a t i o n s h i p  between t h e  accum ula t ion  o f  dry m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  
deve lopment  o f  Mars r i c e  grown on Gigger  s i l t  loam. 
Macon Ridge Branch o f  t h e  N o r t h e a s t  Research S t a t i o n  
Winnsboro,  LA. 1983 ** ,  S i g n i f i c a n t  a t  t h e  0.01  
l e v e l  o f  p r o b a b i l i t y .
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o r  among t h e  N a p p l i c a t i o n  t im es  f o r  p l a n t  h e i g h t  (Tab le  4 6 ) .  N i t rogen  
a p p l i c a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  p l a n t  h e i g h t  from 86 cm (0 N) t o  102 
cm (170 kg /ha ) .
The w a t e r - s e e d e d  r i c e  had a s i g n i f i c a n t l y  h i g h e r  g r a i n  y i e l d  than  
t h e  d r i l l - s e e d e d  r i c e  (Table  46) .  However, i t  was obse rved  a t  h a r v e s t  
t h a t  s e v e r a l  o f  t h e  d r i l l - s e e d e d  p l o t s  were a f f e c t e d  by t h e  p h y s i o l o g i c a l  
d i s o r d e r  known as  s t r a i g h t h e a d .  In r i c e  a f f e c t e d  by s t r a i g h t h e a d ,  t h e  
p a n i c l e s  remain u p r i g h t  a t  m a t u r i t y  be cause  t h e  few g r a i n s  produced a re  
t o o  l i g h t  t o  bend them ov e r  in  t h e  normal manner and g r a i n  y i e l d s  a r e  
a d v e r s e l y  a f f e c t e d .  I t  i s  s p e c u l a t e d  t h a t  t h e  d i f f e r e n c e s  between th e  
c u l t u r a l  s y s t e m s  f o r  g r a i n  y i e l d  may b e  d u e  t o  t h e  p r e s e n c e  o f  
s t r a i g h t h e a d  i n  t h e  d r i l l - s e e d e d  p l o t s .  N i t ro g e n  r a t e  and t im e  o f  
a p p l i c a t i o n  s i g n i f i c a n t l y  a f f e c t e d  g r a i n  y i e l d .  Grain y i e l d s  i n c r e a s e d  
from 3550 kg /ha  (0 N) t o  6020 (170 kg N/ha) .  When N was a p p l i e d  as a 
t h re e -w a y  s p l i t  a p p l i c a t i o n ,  g r a i n  y i e l d s  were s i g n i f i c a n t l y  g r e a t e r  th a n  
t h e  two-way s p l i t  a p p l i c a t i o n  o f  N. There was no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  and t h e  th re e -w a y  
s p l i t  a p p l i c a t i o n  o f  N.
S ince  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  
sys tems and among t h e  N a p p l i c a t i o n  t i m e s ,  r e g r e s s i o n  a n a l y s i s  was 
performed by c u l t u r a l  system and N a p p l i c a t i o n  t ime.  In t h e  d r i l l - s e e d e d  
r i c e ,  t h e r e  were s i g n i f i c a n t  cub ic  r e s p o n s e s  o f  g r a i n  y i e l d  t o  N when N 
was a p p p l i e d  as  a s i n g l e  p r e f l o o d  a p p l i c a t i o n  o r  a s  a two-way s p l i t  
a p p l i c a t i o n .  There was a s i g n i f i c a n t  l i n e a r  re sponse  o f  g r a i n  y i e l d  t o  N 
when N was a p p l i e d  as a th re e -w a y  s p l i t  a p p l i c a t i o n  ( F ig u r e  25) .  In t h e  
w a te r - s e e d e d  r i c e ,  t h e r e  was a s i g n i f i c a n t  q u a d r a t i c  re sponse  o f  g r a i n  
y i e l d  when N was a p p l i e d  as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
Table 46 . The influence of cultural  system, N ra te ,  and time of N application on plant
height and yield  of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch
of the Northeast Research Station. Winnsboro, LA. 1983.
Plant Height Grain Yield @ \2% Moisture
Cultural System Drill-Seeded 
N Rate N Time 1 /
Water-Seeded Drill-Seeded Water-Seeded
kg/ha  cm -------------------   kg/ha
0 88 85 2990 4110
86 e 3550 c
34 1 86 85 3920 4770
34 2 87 86 3100 5100
34 3 89 87 3440 5360
86 e 4130 c
68 1 91 87 4610 5360
68 2 92 89 4190 5200
68 3 92 91 4920 6020
90 d 5050 b
102 1 97 98 4660 5790
102 2 96 95 4690 5660
102 3 98 97 4990 6100
97 c 5320 b
136 1 102 100 5320 6140
136 2 96 103 5650 6110
136 3 96 98 5430 6230
99 b 5810 a
170 1 106 100 5700 6240
170 2 97 105 4640 6550
170 3 104 101 6260 6690
102 a 6020 a
Cultural System Mean 95 a 94 a 4660 a 5710 b
C.V., % 4.2 11.4
N Time 2/ Plant Heiqht Grain Yield P 12* Moisture
----- cm ------- ------ kg/ha •
1 95 a 5160 ab
2 94 a 5090 b
3 94 a 5290 a
1/ See Table 3 fo r N application  time descrip tion .
2J N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t t e r  are not s ig n ifican tly  d iffe ren t a t the 5% p robability  
level according to DMRT.
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G r a i n  y i e l d  r e s p o n d e d  c u b i c a l l y  t o  N a p p l i e d  a s  a t w o - w a y  s p l i t  
a p p l i c a t i o n  and l i n e a r l y  t o  N a p p l i e d  as a t h re e -w a y  s p l i t  a p p l i c a t i o n  
( F ig u r e  26) .
The d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  g r e a t e r  p a n i c l e  d e n s i t y  
and s i g n i f i c a n t l y  more f l o r e t s  p e r  p a n i c l e  t h a n  t h e  w a t e r - s e e d e d  r i c e  
(T ab le  47 ) .  The re  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  
systems f o r  p e r c e n t  s t e r i l e  f l o r e t s  (Table  4 7 ) .  N i t roge n  a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  p a n i c l e s  p e r  s qua re  m ete r  and p a n i c l e  d e n s i t y  
g e n e r a l l y  i n c r e a s e d  wi th  i n c r e a s i n g  N r a t e s .  N i t rogen  a p p l i c a t i o n  d id  
n o t  s i g n i f i c a n t l y  i n f l u e n c e  f l o r e t s  p e r  p a n i c l e  o r  p e r c e n t  s t e r i l e  
f l o r e t s .  Both f l o r e t s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s  were 
r e l a t i v e l y  c o n s t a n t  v a ry in g  from 102 t o  119 f l o r e t s  p e r  p a n i c l e  and from 
10.3 t o  14.4 p e r c e n t  s t e r i l e  f l o r e t s  ove r  t h e  N r a t e s .  There were no 
s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  p a n i c l e s  per  
sq ua re  m e te r  o r  p e r c e n t  s t e r i l e  f l o r e t s .  However both t h e s e  v a r i a b l e s  
were g r e a t e s t  when N was a p p l i e d  a s  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  
a p p l i c a t i o n  in  r e l a t i o n  t o  t h e  s p l i t  a p p l i c a t i o n s  o f  N. There were 
s i g n i f i c a n t l y  more f l o r e t s  p e r  p a n i c l e  when N was a p p l i e d  as a t h ree -w ay  
s p l i t  a p p l i c a t i o n .  The N a p p l i c a t i o n  t i m e  d i f f e r e n c e s  f o r  p a n i c l e  
d e n s i t y  and f l o r e t s  p e r  p a n i c l e  a r e  in agreement  with r e s e a rc h  r e p o r t e d  
by P a t r i c k  and Mikkelsen  (1971) .  These r e s e a r c h e r s  advocated b a s a l  N 
a p p l i c a t i o n s  f o r  i n c r e a s e d  p a n i c l e  d e n s i t y  and a p p l i c a t i o n  o f  N a t  
p a n i c l e  d i f f e r e n t i a t i o n  f o r  i n c r e a s e d  f l o r e t s  p e r  p a n i c l e .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between N u p tak e  a t  mid- 
t i l l e r i n g  and p a n i c l e s  p e r  squa re  m e te r  ( r  = 0.23**) and N up take  a t  
p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  p e r  p a n i c l e  ( r  = 0.36**) . Th i s  i s  in 
agreement  w i t h  Murayama (1979) who found p o s i t i v e  c o r r e l a t i o n s  between N
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Figu re  25.  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on t h e
g r a i n  y i e l d  o f  d r i l l - s e e d e d  Mars r i c e  grown on Gigger  
s i l t  loam. Macon Ridge Branch o f  t h e  N o r t h e a s t  Research 
S t a t i o n .  1983. ** ,  S i g n i f i c a n t  a t  t h e  0.01  l e v e l  o f
p r o b a b i 1 i t y .
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Figure  26 .  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on th e  
g r a i n  y i e l d  o f  w a t e r - s e e d e d  Mars r i c e  grown on 
Gigger  s i l t  loam. Macon Ridge Branch o f  t h e  N o r th ­
e a s t  Research S t a t i o n .  Winnsboro,  LA. 1983. ** ,
S i g n i f i c a n t  a t  t h e  0.01  l ev e l  o f  p r o b a b i l i t y .
Table 47. The influence of cultural system, N ra te ,  and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s t e r i l e  f lo re ts  of  Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station.
Winnsboro, LA. 1983.
Panicles Per Square Meter Florets Per Panicle Per Cent S te rile  Florets
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time \ J
kg/ha  panicles/M2 -------------   No.    %
0 297 361 149 65 10.5 10.1
329 c 107 a 10.3 a
34 1 359 245 129 91 16.8 11.6
34 2 340 291 111 76 13.5 7.2
34 3 318 351 143 84 14.2 8.5
217 c 106 a 11.9 a
68 1 471 323 118 79 13.9 10.1
68 2 426 339 119 74 15.9 10.1
68 3 432 268 118 101 17.6 8.5
377 ab 102 a 12.7 a
102
102
102
410
412
349
340
279
346
356 abc
133
121
136
89
97
100
17.8
12.7
17.6
11 . 2
7.9
9.4
113 a 12.8 a
136
136
136
471
470
408
350
275
342
386 a
106
103
152
92
90
103
18.8
17.4
16.9
12.6
11.7
9.0
108 a 14.4 a
170 1 432 319 136 105 11.4 9.7
170 2 432 390 117 111 14.8 11.0
170 3 459 349 159 88 18.0 9.0
1 3971  119 a n r m
Cultural System Mean 405 a 323 b 128 a 90 b 15.5 a 9.9 a
C.V., % 20.0 19.0 40.0
N Time 2/ Panicles Per Square Meter F lorets Per Panicle Per Cent S te r ile  Florets
 panicles/M^-------------------------  No.-   % -
1 372 a 108 ab 13.4 a
2 365 a 102 b 12.2 a
3 356 a 116 a 12.4 a
1/ See Table 3 fo r N application time descrip tion .
2/ N time means over cu ltu ral systems and N ra te s . -P»
Means followed by a common le t t e r  are not sig n ifican tly  d iffe ren t a t the 5* probability  level according to DMRT.
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u p take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  of  development  with t h e s e  two 
y i e l d  components .
There  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
t h e  number o f  g r a i n s  p e r  p a n i c l e ,  t h e  one thousand  g r a i n  w e i g h t ,  and t h e  
p a n i c l e  w e igh t  (T a b le  48) .  The d r i l l - s e e d e d  r i c e  had s i g n i f i c a n t l y  more 
g r a i n s  p e r  p a n i c l e  and a s i g n i f i c a n t l y  h e a v i e r  p a n i c l e .  The weight  o f  
one thousand  g r a i n s  was s i g n i f i c a n t l y  h e a v i e r  in t h e  w a te r - s ee d e d  r i c e .  
N i trogen a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  number o f  g r a i n s  
p e r  p a n i c l e  o r  t h e  p a n i c l e  weight .  However, N a p p l i c a t i o n  s i g n i f i c a n t l y  
d e c re a s ed  t h e  one thousand  g r a i n  weight  f rom 26.6 grams (0 N) t o  25.4 
grams (170 kg N/ha) .
There  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  number o f  g r a i n s  p e r  p a n i c l e  and t h e  p a n i c l e  w e igh t .  The number o f  
g r a i n s  pe r  p a n i c l e  and p a n i c l e  weight  were s i g n i f i c a n t l y  g r e a t e r  when N 
was a p p l i e d  as a t h re e -w a y  s p l i t  a p p l i c a t i o n  in  r e l a t i o n  t o  t h e  s i n g l e  
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  o r  t h e  two way s p l i t  a p p l i c a t i o n  of  N. 
There was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  N a p p l i c a t i o n  t im es  f o r  t h e  
one thousand  g r a i n  weight .
M u l t i p l e  r e g r e s s i o n  a n a l y s e s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  
r e l a t i o n s h i p  between g r a i n  y i e l d  and p a n i c l e  d e n s i t y ,  t h e  number o f  
g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  we igh t .
There were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
t h e  s t r aw  y i e l d ,  t h e  N c o n c e n t r a t i o n  in t h e  s t r a w ,  and t h e  N up take  
(Table  4 9 ) .  The d r i l l - s e e d e d  r i c e  produced ap p ro x im a te ly  tw ic e  as much 
s t r a w  and took  up ove r  t w i c e  as  much N when compared t o  t h e  w a te r - s ee d e d  
r i c e .  The  d r i l l - s e e d e d  r i c e  a l s o  h a d  a s i g n i f i c a n t l y  h i g h e r  N 
c o n c e n t r a t i o n  (0.83% N) in  t h e  s t r a w  when compared t o  t h e  w a te r - see de d
Table 48. The influence of cultural system, N ra te ,  and time of N application on the number of grains per panicle, the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Gigger s i l t  loam. Hacon Ridge Branch of the Northeast
Research Station. Winnsboro, LA. 1983.
Grains Per Panicle 1000 Grain Weight Panicle Weight
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-•Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/hi
0 133 58 25.8 27.3 3.49 1.62
96 a 26.6 d 2.56 a
34 1 106 81 25.5 27.8 2.78 2.30
34 2 95 70 25.4 27.4 2.47 1.95
34 3 122 77 25.6 27.4 3.20 2.13
92 a 26.4 cd 2.47 a
68 1 99 71 25.5 27.2 2.57 1.97
68 2 99 67 25.5 26.5 2.64 1.84
68 3 96 92 25.5 27.1 2.63 2.53
87 a 26.2 cd 2.36 a
102 1 108 79 24.4 26.7 2.73 2.15
102 2 106 89 25.4 26.8 2.69 2.44
102 3 111 90 25.2 27.2 2.92 2.53
97 a 25.9 be 2.57 a
136 1 85 80 24.8 26.1 2.21 2.19
136 2 84 80 25.0 26.6 2.20 2.13
136 3 126 94 24.3 26.5 3.19 2.52
92 a 25.6 ab 2.41 a
170 1 121 94 24.6 26.1 3.02 2.51
170 2 98 98 25.0 25.7 2.54 2.60
170 3 128 80 24.1 26.6 3.21 2.19
103 a 25.4 a 2.68 a
Cultural System Mean 107 a 81 b 25.1 a 26.8 b 2.78 a 2.23 b
C.V., % 19.8 3.0 18.6
N Time 2/ Grains Per Panicle 1000 Grain Weight Panicle Weight
- No. — — grams - — — -■ grams —
1 92 b 25.8 a 2.44 b
2 89 b 25.9 a 2.35 b
3 101 a 26.0 a 2.68 a
1/ See Table 3 for N application time descript ion.
2/ N time means over cultural systems and N ra tes .
Means followed by a coimon l e t t e r  are not significantly  different  at the 5% probability level according to DMRT. oo
Table 49. The influence of cultural system, N ra te ,  and time of N application on the yield of straw, N concentration in the straw, and
N uptake by the straw of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station. Winnsboro,
LA. 1983.
Straw Yield
Cultural System Drill-Seeded Water-Seeded 
N Rate N Time 1/
N Cone. Straw 
Drill-Seeded Water-Seeded
N Uptake Straw 
Drill-Seeded Water-Seeded
kg/ha kg/ha % N kg N /ha
0 6690 3910
34 1 8820
5320 d
4290
34 2 8090 4530
34 3 9740 5250
68 1 12050
6790 c
4760
68 2 11000 5210
68 3 9870 3880
102 1 11750
7800 be
5760
102 2 11740 4970
102 3 8390 6250
136 1 11510
8150 ab
6420
136 2 11340 5800
136 3 10890 4890
170 1 11570
8480 ab
6160
170 2 11750 8600
170 3 12700 4660
Cultural System Mean 10490 a
9240 a
5330
C.V.,
N Time 2/
22.3
Straw Yield
— kg/ha --
8310 a 
8300 a 
7260 a
11.0
N Cone. Straw 
 % N-----
0.83 0.69 57.5 24.6
0.77 a 4-1.1 c
0.93 0.65 78.3 25.6
0.85 0.62 70.5 28.0
0.90 0.60 75.0 34.0
0.74 a 57.9 be
0.84 0.61 53.8 28.9
0.75 0.63 101.6 31.9
0.86 0.60 86.4 27.3
0.72 a 64.4 ab
0.86 0.60 90.6 35.0
0.86 0.67 100.6 30.4
0.76 0.60 65.1 44.3
0.72 a 61.0 b
0.83 0.60 92.3 43.3
0.76 0.71 85.8 38.1
0.77 0.66 92.3 38.3
0.72 a 65.0 ab
0.76 0.64 100.4 43.5
0.85 0.75 99.5 60.9
0.84 0.67 123.2 31.3
0.75 a 76.5 a
0.83 a 0.64 b 89.3 a 35.5
0.72 a 
0.75 a 
0.73 a
30.4
N Uptake Straw
- kg N /  ha --
64.8 a 
64.7 a
58.3 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a common l e t t e r  are not significantly  different  a t  the 57. probability level according to DMRT.
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r i c e  (0.64% N).
N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  s t r aw  y i e l d  and N 
u p t a k e  e a c h  i n c r e a s i n g  w i t h  i n c r e m e n t a l  N a d d i t i o n s .  N i t r o g e n  
a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  N c o n c e n t r a t i o n  in t h e  
s t r a w .  The N c o n c e n t r a t i o n  in t h e  s t r a w  v a r i e d  from 0.72 t o  0.77% N ove r  
t h e  N r a t e s .  T h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N 
a p p l i c a t i o n  t im es  f o r  t h e  s t r a w  y i e l d ,  t h e  N c o n c e n t r a t i o n  in t h e  s t r a w  
o r  N uptake .  The s t r aw  y i e l d  and N up take  were l a r g e r  when N was a p p l i e d  
as a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  
t h e  N c o n c e n t r a t i o n  i n  t h e  g r a i n  ( T a b l e  5 0 ) .  H o w e v e r ,  t h e r e  was 
s i g n i f i c a n t l y  more N abso rbed  by t h e  g r a i n  in  t h e  d r i l l - s e e d e d  system 
(Table  50) .  N i trogen a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N 
c o n c e n t r a t i o n  in  t h e  g r a i n  and N abso rbed  by t h e  g r a i n .  The N up take  
i n c r e a s e d  from 70.6 kg N/ha (0 N) t o  101.3 kg N/ha (170 kg N/ha) .  There 
was no t  a l i n e a r  i n c r e a s e  in  t h e  N c o n c e n t r a t i o n  o f  t h e  g r a i n  as t h e  N 
c o n c e n t r a t i o n  v a r i e d  from 1.10% N (102 kg N/ha) t o  1.17% N (34 kg N/ha).  
There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  N c o n c e n t r a t i o n  o f  t h e  g r a i n  o r  N u p ta k e .
There were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
t h e  h a r v e s t  index (HI) t h e  t o t a l  N u p t a k e ,  and t h e  n i t r o g e n  h a r v e s t  index 
(NHI) (Table  51) .  The w a t e r - s e e d e d  r i c e  had a l a r g e r  HI and NHI b u t  a 
s m a l l e r  t o t a l  N up take .  N i t rogen  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  HI,  t h e  
t o t a l  N u p tak e ,  and t h e  NHI. The HI and NHI d e c r e a s e d  t o  N a d d i t i o n s  
w h i le  t h e  t o t a l  N up take  in c r e a s e d .
There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  t o t a l  N up take .  However, t h e  t o t a l  N up take  was g r e a t e r  when N
Table 50. The influence of cultural  system, N ra te ,  and time of N application on  N concentratiof
in the grain and N uptake by the grain of Mars r ice  grown on Gigger s i l t  loam. Macon
Ridge Branch of the Northeast Research Station. Winnsboro, LA. 1983.
N Cone. Grain N Uptake Grain
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1 /
kg/ha  % N -------------------    kg N /  ha
0 1.10 1.14 87.8 53.5
1.12 a 70.6 c
34 1 1.26 1.23 90.5 50.6
34 2 1.16 1.21 87.7 57.4
34 3 1.18 1.13 90.7 71.0
1.17 ab 74.7 c
68 1 1.15 1.25 125.3 57.3
68 2 1.11 1.13 108.0 56.5
68 3 1.17 1.16 98.1 62.0
1. 16  ab 84.6 be
102 1 1.09 1.13 84.0 60.2
102 2 1.00 1.23 110.0 58.6
102 3 1.09 1.08 82.4 75.6
1.10 c 78.5 be
136 1 1.08 1.13 104.0 75.6
136 2 1.06 1.13 90.9 57.7
136 3 1.19 1.19 135.3 72.4
1.13 be 89.4 ab
170 1 1.06 1.11 114.2 70.8
170 2 1.20 1.16 95.4 96.7
170 3 1.09 1.20 159.5 71.2
1.14 be 101. 3 a
Cultural System Mean 1.12 a 1.17 a 104.0 a 65.5
C.V., % 7.1 23.6
N Time 2/ N Cone. Grain N Uptake Gra in
- - -  % N — - - kg N /  ha —
1 1.13 a 83.3 a
2 1.16 a 81.9 a
3 1.15 a 88.3 a
1/ See Table 3 fo r N application  time descrip tion .
2/ N time means over cu ltu ra l systems and N ra te s .
Means followed by a comnon le t t e r  are not s ig n ific a n tly  d iffe ren t a t the 5X probability  
level according to DMRT.
Table 51. The influence of cultural system, N ra te ,  and time of N application on Harvest Index (HI) tota l  nitrogen uptake and Nitrogen
Harvest Index (NHI) of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast Research Station. Winnsboro,
LA. 1983.
Harvest Index Total N Uptake Nitrogen Harvest Index
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
N Time 2/ Harvest Index
 HI -
0.48 a 
0.48 a 
0.53 b
Total N Uptake
— kg N /ha —
143.4 a
152.3 a 
161.2 a
0 0.53 0.53 157.1 77.0 0.61 0.69
0.53 b 117.1 c 0.65 a
34 1 0.46 0.52 158.2 85.6 0.53 0.67
34 2 0.48 0.51 165.7 105.0 0.56 0.67
34 3 0.46 0.55 235.4 86.3 0.56 0.68
0.50 a 139.4 be 0.61 b
68 1 0.46 0.52 209.7 88.4 0.54 0.68
68 2 0.48 0.50 184.6 89.4 0.54 0.65
68 3 0.50 0.58 174.6 95.2 0.55 0.72
0.50 a 140.3 be 0.61 b
102 1 0.40 0.50 210.6 89.1 0.49 0.64
102 2 0.47 0.52 147.5 120.0 0.54 0.66
102 3 0.48 0.53 196.4 119.0 0.56 0.64
0.48 a 147.1 b 0.59 b
136 1 0.43 0.50 160.7 95.8 0.54 0.64
136 2 0.43 0.48 212.6 110.7 0.51 0.62
136 3 0.51 0.57 204.6 114.3 0.60 0.67
0.49 a 150.2 b 0.60 b
170 1 0.48 0.50 195.0 110.7 0.55 0.64
170 2 0.43 0.49 282.7 114.3 0.50 0.63
170 3 0.50 0.56 265.7 140.3 0.58 0.70
0.49 a 184.5 a 0.60 b
Cultural System Mean 0.47 a 0.52 b 197.6 a 102.7 b 0.55 a 0.66
C.V., % 7.2 24.2 7.0
Nitrogen Harvest Index 
..................NHI.......... —
0.59 a 
0.59 a 
0.63 b
1/ See Table 3 fo r N application time description.
2/ N time means over cultural systems and N ra tes.
Means followed by a conmon l e t t e r  are not s ignificantly  different  at the S I  probability level according to DMRT.
153
was a p p l i e d  as  a t h r e e  way s p l i t  a p p l i c a t i o n .  There  were s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im e s  f o r  HI and NHI. Both HI and 
NHI were s i g n i f i c a n t l y  l a r g e r  when N was a p p l i e d  as  a t h r e e  way s p l i t  
a p p l i c a t i o n .  There  was a s i g n i f i c a n t  N r a t e  x N a p p l i c a t i o n  t im e  
i n t e r a c t i o n  f o r  h a r v e s t  index (HI) (F igu re  27) .  At each N r a t e  t h e  HI 
was g r e a t e r  when N was a p p l i e d  as  a t h re e -w a y  s p l i t  a p p l i c a t i o n  in 
r e l a t i o n  t o  t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n  o r  t h e  two-way 
s p l i t  a p p l i c a t i o n  o f  N. The d a t a  i n d i c a t e s  a g r e a t e r  p e rc e n ta g e  o f  t h e  
t o t a l  b i o l o g i c a l  y i e l d  was g r a i n  when N was a p p l i e d  as  a t h r e e  way s p l i t  
a p p l i c a t i o n .  This  i s  in agreement  wi th  t h e  g r a i n  y i e l d  d a t a  (Table  46) 
s i n c e  g r a i n  y i e l d s  were l a r g e r  when N was a p p l i e d  as a in t h e  th ree -w ay  
s p l i t  a p p l i c a t i o n .
R e l a t i o n s h i p s  as shown by s imple  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  components ,  p a n i c l e  w e i g h t s ,  h a r v e s t  i ndexes  (HI) and n i t r o g e n  
h a r v e s t  indexes  (NHI) a r e  p r e s e n t e d  in Tab le  52.
P a n i c l e  we igh t  was most  h i g h ly  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  g r a i n s  
p e r  p a n i c l e .  There  were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between 
p a n i c l e s  p e r  squa re  m e t e r ,  t h e  one thousand  g r a i n  w e i g h t ,  HI and NHI. 
The d a t a  i n d i c a t e s  as p a n i c l e  d e n s i t y  i n c r e a s e s ,  t h e  one thousand  g r a i n  
w e i g h t ,  HI,  and NHI d e c r e a s e .  F l o r e t s  p e r  p a n i c l e  was s i g n i f i c a n t l y  
c o r r e l a t e d  w i th  g r a i n s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s .  There  
were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between f l o r e t s  p e r  p a n i c l e  and 
t h e  one thousand  g r a i n  w e ig h t ,  HI and NHI. The d a ta  i n d i c a t e s  t h a t  as  
f l o r e t s  p e r  p a n i c l e  i n c r e a s e ,  g r a i n s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  
f l o r e t s  i n c r e a s e  b u t  t h e  one thousand  g r a i n  w e igh t ,  HI and NHI d e c re a se .  
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  one  thousand  g r a i n  
w e i g h t ,  HI a n d  NHI. P e r c e n t  s t e r i l e  f l o r e t s  was f o u n d  t o  h a v e
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Figure  27. N r a t e  x N a p p l i c a t i o n  t ime i n t e r a c t i o n  f o r  t h e  
h a r v e s t  index  (HI) o f  Mars r i c e  grown on Gigger  
s i l t  loam. Macon Ridge Branch o f  t h e  N o r th e a s t  
Research  S t a t i o n .  Winnsboro, LA. 1983.
Table 52. Relationships as shown by simple correlation coefficients (r)  among yield components, panicle weights, harvest indexes
(HI) and nitrogen harvest indexes (NHI) of Mars r ice  grown on Gigger s i l t  loam. Macon Ridge Branch of the Northeast
Research Station. Winnsboro, LA. 1983.
Panicles F lorets , Grains . 1000-grain Harvest Nitrogen
-5 “ A . ,• T L l^  *  T ~ .
Percent
-2 panicle panicle weight Index Harvest Index s te r i le  f lo re ts
Panicle wt. 0.001 0.93** 0.99** -0.46** 0.02 -0.23** 0.11
Panicles/m '2 0.21* 0.07 -0.48** -0.47** -0.56** 0.42**
F lorets/pan icle  0.95** -0.69** -0.19* -0.43** 0.43**
Grain/panicle -0.58** -0.04 -0.28** 0.13
1000-grain wt. 0.49** 0.60** -0.52**
Harvest Index 0.85** -0.52**
Nitrogen Harvest Index -0.57**
*,** Significant a t  the 0.05 and 0.01 levels of p robab ility , respectively .
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s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  wi th  HI and NHI.
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in  Tab le  52 i l l u s t r a t e  how 
t h e  y i e l d  components i n t e r a c t  and compensate f o r  each o t h e r  in de te rm in ing  
t h e  y i e l d  o f  r i c e  (Matsushima, 1964) . The s i g n i f i c a n t  c o r r e l a t i o n s  w i th  
HI and NHI a r e  p robab ly  due to  t h e  s i m i l a r  o r  o p p o s i t e  re sponse  o f  HI,
NHI,  a n d  t h e  y i e l d  c o m p o n e n t s  t o  N a p p l i c a t i o n s .  H o w e v e r ,  t h e  
s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  o f  p e rc e n t  s t e r i l e  f l o r e t s  wi th  HI and 
NHI may be due t o  t h e  mutual  sha d in g  e f f e c t  o r  t h e  reduced  number o f  
ge rm ina ted  p o l l e n  a t  t h e  s t igma d i s c u s s e d  p r e v i o u s l y  in S e c t i o n  I .  Both 
t hem u tua l  shading e f f e c t  and t h e  r e d u c t io n  in  t h e  number o f  germinated  
p o l l e n  i n c r e a s e  as N r a t e s  a r e  i n c re ase d .  A s i g n i f i c a n t  c o r r e l a t i o n  ( r  = 
0.55**) between p e r c e n t  s t e r i l e  f l o r e t s  and s t r a w  y i e l d  and s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  between HI ( r  = -0 .6 7 * * ) ,  NHI ( r  = -0.80**)  and 
s t r a w  y i e l d  may lend s u p p o r t  t o  t h e  mutual shad ing  e f f e c t  caus ing  
i n c r e a s e d  f l o r e t  s t e r i l i t y  as  N r a t e s  a r e  i n c re as e d .  These c o r r e l a t i o n s  
would s u p p o r t  t h e  mutual  shad ing  t h e o r y  i f  i t  i s  assumed t h a t  t h e r e  a r e  
r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual  shading .
VI.
RICE RESEARCH STATION 
CROWLEY, LA. 1983
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  o f  N a p p l i c a t i o n  
on t h e  accum ula t ion  o f  dry  m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  
and N up take  a t  t h e  m i d - t i 1l e r i n g  s t a g e  o f  development  o f  Mars r i c e  grown 
on  C r o w l e y  s i l t  l o am  a r e  p r e s e n t e d  in  T a b l e  5 3 .  T h e r e  w e r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accum ula t io n  
o f  dry m a t t e r  o r  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r .  However, i n  t h e  
w a t e r - s e e d e d  r i c e  t h e r e  was a g r e a t e r  accum ula t io n  o f  dry m a t t e r  and a 
h i g h e r  N c o n c e n t r a t i o n  in t h e  dry m a t t e r .  These a r e  r e f l e c t e d  in t h e  N 
up take  as t h e  w a t e r - s e e d e d  r i c e  had s i g n i f i c a n t l y  more N up take  when 
compared t o  t h e  d r i l l - s e e d e d  r i c e .
N i t roge n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accumula t ion  of  
dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  and t h e  N up take .  The 
accum ula t ion  o f  dry  m a t t e r  i n c r e a s e d  from 740 kg/ha  (0 N) t o  1600 kg /ha 
( 1 7 0  k g / h a ) .  T h e  N c o n c e n t r a t i o n  i n  t h e  d r y  m a t t e r  a n d  N u p t a k e  
i n c r e a s e d  from 1.84 (0 N) t o  3.47% N (170 kg N/ha) and from 14.1 kg N/ha 
(0 N) t o  55.9 kg N/ha (170 kg N/ha).
The re  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  
and t h e  N up take .  However, a s  shown in  Tab le  3 ,  N a p p l i c a t i o n  t ime 
d i f f e r e n c e s  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  deve lopment  a r e  i n  r e a l i t y  
d i f f e r e n c e s  i n  N r a t e s .  T h e  b a l a n c e  o f  t h e  N r a t e  i n  t h e  s p l i t  
a p p l i c a t i o n s  had not  been a p p l i e d .  T h e r e f o r e ,  i t  i s  l o g i c a l  why t h e
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Table 53. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter, N concentration in the
dry matter,  and N uptake of Mars rice a t  the m id-t i l le r ing  stage of development grown on Crowley s i l t  loam. Rice Research
Station. Crowley, LA. 1983.
Dry Hatter N Cone. Dry Hatter N Uptake
Cultural 
N Rate
System 
N Time 1/
Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
kg/ha
0 465 1010 1.60 2.07 7.4 20.7
740 c 1.84 d 14.1 d
34 1 1000 1310 2.28 2.48 22.4 32.0
34 2 1140 1090 2.25 2.81 25.0 31.7
34 3 940 1220 2.06 2.64 19.2 32.4
1110 b 2.42 c 27.1 c
68 1 1760 1940 2.72 2.85 47.9 56.5
68 2 1350 1240 2.44 2.88 32.7 35.5
68 3 1180 1400 2.54 2.73 29.8 38.4
1480 a 2.69 c 40.2 b
102 1 1440 1500 3.48 3.51 48.7 50.9
102 2 1520 1880 2.74 2.79 41.8 52.3
102 3 1470 1430 2.99 2.86 43.9 39.2
1540 a 3.06 b 46.2 b
136 1 1420 1490 3.81 3.53 53.9 52.7
136 2 1170 1460 3.23 3.21 35.8 47.0
136 3 1780 1400 3.03 3.27 53.1 45.7
1460 a 3.34 ab 48.1 b
170 1 1810 1830 3.96 3.79 72.0 69.3
170 2 1560 1440 3.68 2.87 57.2 41.2
170 3 1370 1600 3.27 3.26 44.2 51.7
1600 a 3.47 a 55.9 a
Cultural System Mean 1340 a 1450 a 2.88 a 2.97 a 39.7 a 43.6 b
C.V., % 23.a 16.8 27.9
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha-- — % N - kg N/ha -
1 1550 a 3.24 a 50.6 a
2 1390 b 2.89 b 40.0 b
3 1380 b 2.86 b 39.7 b
y  See Table 3 for N application time description.
2/ N time means over cu ltu ral systems and N ra te s .
Means followed by a common le t te r  are not s ig n ifican tly  d iffe ren t a t the 5% probability  level according to DMRT.
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v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  were l a r g e r  
when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
The i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t im e  of  N a p p l i c a t i o n  
on t h e  accum ula t ion  o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  o f  Mars 
r i c e  grown on Crowley s i l t  loam a re  p r e s e n t e d  in  Table  54. There were 
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  t h e  accumula t ion 
o f  dry m a t t e r ,  t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r ,  and N up take .  The 
w a t e r - s e e d e d  r i c e  had s i g n i f i c a n t l y  g r e a t e r  v a l u e s  f o r  each  o f  t h e s e  
t h r e e  v a r i a b l e s .
N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  accum ula t io n  o f  dry 
m a t t e r ,  t h e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r ,  and t h e  N up take .  The 
a c cu m u la t io n  o f  dry m a t t e r  i n c r e a s e d  from 2240 kg /ha  (0 N) t o  6350 kg /ha  
(170 kg N/ha) .  The N c o n c e n t r a t i o n  i n  t h e  d ry  m a t t e r  and N up take  
i n c r e a s e d  from 1.24% N (0 N) t o  1.56% N (170 kg N/ha)  and from 28.1 kg 
N/ha (0 N) t o  98.9 kg N/ha (170 kg N/ha).
There  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t im es  
f o r  t h e  accum ula t ion  o f  dry  m a t t e r  and N up take .  However, as  shown in 
Tab le  3 ,  t h e  o n ly  v a l i d  comparison t h a t  can be  made a t  t h e  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e  o f  development  i s  between t h e  two-way s p l i t  
a p p l i c a t i o n  o f  N and where t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  
p r e f l o o d .  In t h e s e  two N a p p l i c a t i o n  t im es  t h e  t o t a l  N r a t e  had been 
a p p l i e d .  In t h e  th re e -w a y  s p l i t  a p p l i c a t i o n ,  t h e  b a l a n c e  o f  t h e  t o t a l  N 
r a t e  had no t  been a p p l i e d .  When t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  
p r e f l o o d ,  t h e r e  was s i g n i f i c a n t l y  more accum ula t io n  o f  dry m a t t e r  and N 
up take  in r e l a t i o n  t o  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N. The d a t a  
i n d i c a t e s  t h a t  t h e r e  i s  g r e a t e r  N use e f f i c i e n c y  f o r  t h e  p r o d u c t io n  of
Table 54. The influence of cultural system, N ra te ,  and time of N application on accumulation of dry matter,  N concentration in the
dry matter, and N uptake of Mars r ice  a t  the panicle d ifferen tia tion  stage of development grown on Crowley s i l t  loam.
Rice Research Station. Crowley, LA. 1983.
Dry Hatter N Cone. Dry Matter N Uptake
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  k g /h a -------------------   % N ----------------------  kg N /ha
0 1470 3000 1.11 1.36 16.4 39.8
2240 e 1.24 b 28.1 d
34 1 3080 5390 1.41 1.27 42.9 68.5
34 2 2330 3650 1.08 1.41 24.7 51.8
34 3 2740 4240 1.17 1.46 31.2 62.0
3570 d 1.30 b 46.8 c
68 1 5590 5420 1.24 1.52 69.8 79.7
68 2 3690 4980 1.39 1.30 53.4 65.1
68 3 3170 4740 1.39 1.55 43.9 71.8
4600 c 1.40 ab 63.9 b
102 1 5190 6190 1.18 1.53 61.5 93.2
102 2 4680 6110 1.04 1.71 48.6 105.7
102 3 4230 5130 1.19 1.46 50.4 76.2
5260 b 1.35 ab 72.6 b
136 1 6200 6550 1.38 2.07 86.5 135.6
136 2 5700 6110 1.28 1.68 72.9 102.7
136 3 5350 5130 1.10 1.34 58.0 69.2
5840 ab 1.48 ab 87.5 a
170 1 6970 7330 1.78 1.81 126.1 130.2
170 2 6580 6100 1.41 1.64 93.3 95.2
170 3 5390 5720 1.26 1.49 67.8 81.8
6350 a 1.56 a 98.9 a
Cultural System Mean 4620 a 5360 b 1.28 a 1.54 b 59.1 a 83.0 b
C.V., % 18.2 23.5 29.7
N Time 2/ Dry Matter N Cone. Dry Matter N Uptake
—kg/ha -- — % N — - - kg N/ha -
1 5790 a 1.52 a 89.4 a
2 4990 b 1.39 a 71.2 b
3 4580 b 1.34 a 61.2 b
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a comnon l e t t e r  are not significantly  different  a t  the 5% probability level according to DMRT.
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d ry  m a t t e r  and N up take  when t h e  t o t a l  N r a t e  Is  a p p l i e d  p r e p l a n t  o r  
p r e f l o o d  in r e l a t i o n  t o  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N. The t ime o f  
N a p p l i c a t i o n  d id  no t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  N c o n c e n t r a t i o n  in t h e  
dry m a t t e r .  However t h e  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  was h i g h e r  
when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d .
There was a s i g n i f i c a n t  c u l t u r a l  sys tem x N r a t e  i n t e r a c t i o n  f o r  t h e  
accum ula t io n  of  dry m a t t e r  ( F i g u r e  28) .  At each N r a t e  from 0 t o  102 kg 
N/ha,  t h e  w a t e r - s e e d e d  r i c e  produced ap p ro x im a te ly  1000 kg/ha o r  more dry 
m a t t e r  than  t h e  d r i l l - s e e d e d  r i c e .  The c u l t u r a l  systems were s i m i l a r  in 
dry m a t t e r  p r o d u c t i o n  a t  t h e  h i g h e r  N r a t e s .  There was a s i g n i f i c a n t  N 
r a t e  x N a p p l i c a t i o n  t i m e  i n t e r a c t i o n  f o r  N up take  ( F ig u r e  29) . In 
g e n e r a l ,  a t  each N r a t e  t h e r e  was a pp rox im ate ly  20 kg N/ha o r  more t ake n  
up when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  in r e l a t i o n  to  
t h e  two-way s p l i t  a p p l i c a t i o n  o f  N i n d i c a t i n g  a g r e a t e r  N use e f f i c i e n c y  
when e f f i c i e n c y  i s  measured as  N uptake .
The  v a r i a b l e s  m e a s u r e d  a t  t h e  m i d - t i 1 l e r i n g  a n d  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e s  o f  deve lopment  were l a r g e r  in t h e  w a te r - s e e d e d  
r i c e  in r e l a t i o n  t o  t h e  d r i l l - s e e d e d  r i c e .  Th is  i s  in  agreement  wi th
Brandon e t  a l .  (1980b)  who l i s t e d  s low er  d ry  m a t t e r  accum ula t io n  and
d e c re a s e d  N f e r t i l i z e r  e f f i c i e n c y  as d i s a d v a n t a g e s  o f  d r i l l - s e e d e d  r i c e  
when compared t o  w a t e r - s e e d e d  r i c e .  Th i s  may be a t t r i b u t e d  t o  t h e  
p l a n t i n g  d a t e  (Table  2 ) ,  t h e  average  d a i l y  t e m p e r a t u r e s ,  and t h e  de g re e
days from emergence t o  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n
s t a g e s  o f  deve lopm ent  (Tab le  5 5 ) .  S t a n s e l  (1975)  r e p o r t e d  t h a t  15°C i s  
t h e  t h r e s h o l d  t e m p e r a t u r e  f o r  r i c e  s e e d l i n g  growth bu t  prolonged  
t e m p e r a t u r e s  in  a re a  o f  15°C d e l a y  s e e d l i n g  growth.  Th is  r e s e a r c h e r  a l s o  
s a i d  t h e r e  i s  a l i n e a r  i n c r e a s e  in t h e  normal growth and development  of
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Figu re  28.  C u l t u r a l  system x N r a t e  i n t e r a c t i o n  f o r  t h e  accumula­
t i o n  o f  dry m a t t e r  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e  o f  development  o f  Mars r i c e  grown on Crowley 
s i l t  loam. Rice Research S t a t i o n .  Crowley,  LA. 1983.
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Fig u re  29. N r a t e  x N a p p l i c a t i o n  t ime i n t e r a c t i o n  f o r  N up take  
a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development  
o f  Mars r i c e  grown on Crowley s i l t  loam. Rice 
Research S t a t i o n .  Crowley,  LA. 1983.
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Table 55. Temperature data and sunrnation of degree days from the emergence date to twenty
days a f te r  panicle d i f fe ren t ia t io n  of Mars r ice  grown on Crowley s i l t  loam.
Rice Research Station. Crowley, LA. 1983.
May Maximum Minimum ADT* DD** June Maximum Minimum ADT* DD**
ED 13 29 19 24 9 19 29 20 25 353
14 31 22 27 21 20 31 21 26 364
15 31 22 27 33 21 32 21 27 376
16 27 15 21 36 22 29 22 26 387
17 26 14 20 41 23 31 21 26 398
18 27 17 22 48 24 31 21 26 409
19 28 16 22 55 25 30 22 26 420
20 29 17 23 63 26 29 22 26 431
21 26 16 21 66 27 27 22 25 441
22 17 18 23 74 28 32 22 27 453
23 27 18 23 82 29 31 22 27 465
24 31 20 26 91 30 32 23 28 478
25 29 16 23 99 J 1
26 30 15 23 107 1 32 23 28 491
27 31 18 25 117 2 34 23 29 505
28 31 19 25 127 3 33 23 28 518
29 30 17 24 136 4 33 23 28 531
30 30 19 25 146 PD 5 32 24 29 545
31 32 18 25 156 6 35 22 29 559
June 7 32 21 27 751
1 30 16 23 164 8 32 20 26 582
2 29 18 24 173 9 32 22 27 594
3 32 21 27 185 10 33 21 27 606
4 32 23 28 198 11 32 20 26 617
5 32 21 27 210 12 33 21 27 629
6 31 20 26 221 13 32 22 27 641
7 28 20 24 230 14 32 22 27 653
8 28 17 23 238 15 30 22 26 664
9 29 16 23 246 16 32 22 27 676
10 30 16 23 254 17 33 22 28 689
11 31 18 25 264 18 33 22 28 702
12 31 19 25 274 19 32 24 28 715
MT 13 32 21 27 286 20 35 23 29 729
14 32 22 27 298 21 34 22 28 742
15 33 22 28 311 22 34 23 29 756
16 30 21 26 322 23 34 22 28 769
17 32 21 27 334 24 34 22 28 782
18 26 21 24 343 25 34 22 28 795
ED = Emergence date **DD = Summation of ADT - 15°C threshold
MT » M id-tille rin g  sample date temperature
PD = Panicle d if fe re n tia tio n  date 
*ADT * Average daily  temperature
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t h e  r i c e  from 20°C t o  31°C. The ave rage  d a i l y  t e m p e r a t u r e  from emergence 
t o  m i d - t i l l e r i n g  was 25°C and t h e r e  were 286 degree  days  (Table  55) .  The 
av e ra g e  d a i l y  t e m p e r a t u r e  from m i d - t i l l e r i n g  t o  p a n i c l e  d i f f e r e n t i a t i o n  
was 2 7 °C and t h e r e  were 545 degree  days  (Table  55 ) .  The average  d a i l y  
t e m p e r a t u r e s  a r e  in t h e  range  f o r  normal growth and development.  However 
t h e r e  were p e r i o d s  in t h e  minimum d a i l y  t e m p e r a t u r e s  from 16 May t o  10 
June where s e e d l i n g  growth i s  d e la y e d  (T a b le  55 ) .  A p p a re n t ly ,  t h e  
advan ta ge  o f  a more s t a b l e  t e m p e r a t u r e  in  t h e  m i c r o c l im a te  o f  t h e  
s e e d l i n g  in t h e  w a t e r - s e e d e d  r i c e  (Brandon e t  a l . ,  1980b) ne g a te d  t h e  
p e r i o d s  o f  c o o l e r  t e m p e r a t u r e s .  T h i s  may a l s o  a c c o u n t  f o r  t h e  
s i g n i f i c a n t l y  h i g h e r  g r a i n  y i e l d  f o r  t h e  w a t e r - s e e d e d  r i c e  (T ab le  56) .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accumula t ion  of  dry  
m a t t e r  and N up take  a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  o f  deve lopment .  In g e n e r a l ,  N up take  p a r a l l e l e d  accumula t ion  o f  
d r y  m a t t e r  a t  b o t h  p h y s i o l o g i c a l  s t a g e s  o f  d e v e l o p m e n t .  T h e s e  
r e l a t i o n s h i p s  a r e  i l l u s t r a t e d  in  F ig u re s  30 and 31.
From t h e  m i d - t i l l e r i n g  t o  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  
deve lopm ent ,  t h e  av e ra g e  N c o n c e n t r a t i o n  in  t h e  dry m a t t e r  dec re a sed  from 
2.92 t o  1.41% N. The d r y  m a t t e r  ac cum ula t ion  and N up take  ave rages  
i n c r e a s e d  f r o m  1390  t o  4 9 4 0  k g / h a  an d  f r o m  4 1 . 6  t o  71.1  kg N / h a .  
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  52% and 61% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accoun ted  f o r  by t h e  accum ula t ion  o f  
d ry  m a t t e r  and t h e  N c o n c e n t r a t i o n  in t h e  dry  m a t t e r  a t  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n .  At t h e  m i d - t i l l e r i n g  s t a g e  o f  development  
ap p ro x im a te ly  28 p e r c e n t  o f  t h e  t o t a l  N up take  had been t aken  up. Th is  
p e rc e n ta g e  i n c r e a s e d  t o  48 p e r c e n t  o f  t h e  t o t a l  N up take  a t  t h e  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e  o f  development .
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Figu re  30. R e l a t i o n s h i p  between t h e  accum ula t io n  o f  dry m a t t e r
and N up take  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  d e v e lo p ­
ment o f  Mars r i c e  grown on Crowley s i l t  loam. Rice
Research S t a t i o n .  Crowley,  LA. 1983. ** ,  S i g n i f i ­
c a n t  a t  t h e  0 . 0 1  l e v e l  o f  p r o b a b i l i t y .
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Figu re  31. R e l a t i o n s h i p  between t h e  a c cum ula t ion  o f  dry  m a t t e r  
and N up take  a t  t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  
o f  development  o f  Mars r i c e  grown on Crowley s i l t  
loam. Rice Research S t a t i o n .  Crowley,  LA. 1983. 
** ,  S i g n i f i c a n t  a t  t h e  0.01  l e v e l  o f  p r o b a b i l i t y .
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There  were s i g n i f i c a n t  c o r r e l a t i o n s  between N up take  a t  t h e  mid- 
t i l l e r i n g  ( r  = 0.67**)  and p a n i c l e  d i f f e r e n t i a t i o n  ( r  = 0.65**) s t a g e s  o f  
development  and g r a i n  y i e l d .  R e g re ss ion  a n a l y s i s  i n d i c a t e d  t h a t  45% and 
43% o f  t h e  v a r i a t i o n  in g r a i n  y i e l d  cou ld  be e x p la in e d  by N uptake  a t  
t h e  two p h y s i o l o g i c a l  s t a g e s  o f  development  ( F i g u r e s  32 and 33). The 
d a ta  i l l u s t r a t e s  t h e  importance  o f  ad e q u a te  N e a r l y  in t h e  season .  The 
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n s  a r e  e s p e c i a l l y  im p o r ta n t  s i n c e  28 
p e r c e n t  o f  t h e  t o t a l  N up take  accoun ted f o r  47 p e r c e n t  o f  t h e  v a r i a t i o n  
in  g r a i n  y i e l d .
There were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
p l a n t  h e i g h t  and m a t u r i t y  (Table  56 ) .  The w a te r - s e e d e d  r i c e  had t a l l e r  
p l a n t s  and t h e  f i f t y  p e r c e n t  heading  d a t e  was f o u r  days e a r l i e r  than  t h e  
d r i l l - s e e d e d  r i c e .  This  i s  in agreement  w i th  Brandon e t  a l .  (1980b) who 
l i s t e d  de la yed  crop  m a t u r i t y  as  a d i s a d v a n ta g e  o f  d r i l l - s e e d e d  r i c e  in 
r e l a t i o n  t o  w a t e r - s e e d e d  r i c e .  P l a n t  h e i g h t  i n c r e a s e d  p r o p o r t i o n a l l y  
w i th  i n c r e a s e d  N r a t e s .  Days t o  f i f t y  p e r c e n t  head ing  de c re a s ed  up to  
t h e  102 kg N/ha r a t e  and h i g h e r  N r a t e s  de layed  heading  1 t o  2 days .  The 
s p l i t  a p p l i c a t i o n s  of  N s i g n i f i c a n t l y  reduced  p l a n t  h e i g h t  in r e l a t i o n  t o  
t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  The th re e -w a y  s p l i t  
a p p l i c a t i o n  o f  N s i g n i f i c a n t l y  d e c r e a s e d  t h e  number o f  days t o  f i f t y  
p e r c e n t  heading  in r e l a t i o n  t o  t h e  two-way s p l i t  N a p p l i c a t i o n  o r  t h e  
s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .  There were s i g n i f i c a n t  
c u l t u r a l  sys tem x N r a t e  and N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n s  f o r  
days t o  f i f t y  p e r c e n t  head ing.  At each N r a t e ,  t h e  w a te r - s e e d e d  r i c e  
r e q u i r e d  from two t o  seven days l e s s  t h a n  t h e  d r i l l - s e e d e d  r i c e  f o r  t h e  
number o f  days t o  f i f t y  p e r c e n t  heading  ( F i g u r e  34) .  The number o f  days 
t o  f i f t y  p e r c e n t  heading  were t h e  same f o r  each  N a p p l i c a t i o n  t ime up t o
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Fig u re  32. R e l a t i o n s h i p  between N up take  a t  t h e  m i d - t i l l e r i n g  
s t a g e  o f  development  and g r a i n  y i e l d  o f  Mars r i c e  
grown on Crowley s i l t  loam. Rice Research  S t a t i o n .  
Crowley,  LA. 1983. ** ,  S i g n i f i c a n t  a t  t h e  0.01
l e v e l  o f  p r o b a b i l i t y .
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Fig u re  33.  R e l a t i o n s h i p  between t h e  N up take  a t  t h e  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e  o f  development  and g r a i n  
y i e l d  o f  Mars r i c e  grown on Crowley s i l t  loam. Rice 
Research  S t a t i o n .  Crowley,  LA. 1983. ** ,  S i g n i f i ­
c a n t  a t  t h e  0 . 0 1  l e v e l  o f  p r o b a b i l i t y .
Table 56. The influence of cultural system, N ra te ,  and time of N application on plant height,  maturity and yield of Mars r ice  grown on
Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1983.
Plant Height Days To 50% Heading Grain Yield 0 12% Moisture
Cultural 
N Rate
System 
N Time \ /
Drill-Seeded Hater-Seeded Drill-Seeded Water-Seeded Drill-Seeded Hater-Seeded
cm
0 71 82 89 82 3220 5450
77 f 86 b 4340 e
34 1 84 91 86 81 5510 6650
34 2 84 93 87 82 4750 6660
34 3 81 86 87 81 5180 6990
86 e 84 c 5960 d
68 1 92 96 85 81 6660 7910
68 2 85 96 86 81 5810 7540
68 3 87 93 85 81 5410 7590
91 d 83 d 6820 c
102 1 94 106 85 82 6800 8220
102 2 90 100 85 82 6770 7740
102 3 90 97 84 82 6590 8470
96 c 83 d 7430 b
136 1 104 109 87 84 7870 8090
136 2 94 106 85 83 6730 8300
136 3 94 102 84 82 7390 8270
101 b 84 c 7770 a
170 1 111 116 88 85 7730 7890
170 2 104 108 86 84 7530 8000
170 3 95 106 85 83 7470 8490
107 a 85 a 7850 a
Cultural System Mean 91 a 99 b 86 a 82 b 6340 a 7640 b
C.V., % 4.9 0.9 4.9
N Time 2/ Plant Height Days to 50% Heading Grain Yield 0 12% Moisture
---- cm ----- No. - - -  kg/ha —
1 100 a 84 a 7330 a
2 96 b 84 a 6980 b
3 93 b 83 b 7190 ab
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not significantly  d ifferent  a t  the 5% probability level according to DMRT.
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Figure  34.  C u l t u r a l  system x N r a t e  i n t e r a c t i o n  f o r  t h e  number 
o f  days t o  50% heading  o f  Mars r i c e  grown on Crowley 
s i l t  loam. Rice Research  S t a t i o n .  Crowley,  LA. 
1983.
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t h e  102 kg N/ha r a t e  ( F i g u r e  35) .  At t h e  h i g h e r  N r a t e s ,  t h e  number of  
days t o  f i f t y  p e r c e n t  he ad ing  i n c r e a s e d  in  p r o p o r t i o n  t o  t h e  p e r c e n ta g e
o f  t h e  N r a t e  t h a t  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  (T a b le  3) .
There were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems f o r  
g r a i n  y i e l d  (T a b le  56) .  The w a t e r - s e e d e d  r i c e  o u t  y i e l d e d  t h e  d r i l l -  
s e e d e d  r i c e  1300  k g / h a .  N i t r o g e n  r a t e  a n d  t i m e  o f  a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  g r a i n  y i e l d .  Gra in  y i e l d  i n c r e a s e d  from 4340
kg /ha  (0 N) t o  7850 kg /ha  (170 kg N/ha) .  Grain y i e l d s  were l a r g e s t  when
t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f lo o d .
S ince  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  
systems and among t h e  N a p p l i c a t i o n  t i m e s ,  r e g r e s s i o n  a n a l y s i s  was 
performed by c u l t u r a l  system and N a p p l i c a t i o n  t im e .  In t h e  d r i l l - s e e d e d  
r i c e ,  t h e r e  was a s i g n i f i c a n t  l i n e a r  r e sponse  o f  g r a i n  y i e l d  t o  N when 
t h e  t o t a l  N r a t e  was  a p p l i e d  p r e p l a n t  o r  p r e f l o o d .  T h e r e  w e r e  
s i g n i f i c a n t  q u a d r a t i c  and c u b ic  r e sponse s  o f  g r a i n  y i e l d  t o  N when N was 
a p p l i e d  as s p l i t  a p p l i c a t i o n s  (F ig u re  36 ) .  In t h e  w a t e r - s e e d e d  r i c e ,  
t h e r e  were q u a d r a t i c  r e s p o n s e s  o f  g r a i n  y i e l d  t o  N a t  each N a p p l i c a t i o n  
t im e  (F igu re  37) .
There were s i g n i f i c a n t  c u l t u r a l  system x N r a t e ,  c u l t u r a l  system x N 
a p p l i c a t i o n  t i m e ,  N r a t e  x a p p l i c a t i o n  t i m e ,  and c u l t u r a l  sys tem x N r a t e  
x N a p p l i c a t i o n  t im e  i n t e r a c t i o n s  f o r  g r a i n  y i e l d .  The c u l t u r a l  system x 
N r a t e  i n t e r a c t i o n  f o r  g r a i n  y i e l d  i s  p r e s e n t e d  in  F igu re  38. In t h e  
d r i l l - s e e d e d  r i c e ,  po lynomia l  c o n t r a s t  i n d i c a t e d  t h a t  t h e r e  was a 
s i g n i f i c a n t  c ub ic  r e sponse  o f  g r a i n  y i e l d  t o  N. In t h e  w a t e r - s e e d e d  
r i c e ,  t h e r e  was a s i g n i f i c a n t  q u a d r a t i c  r e s p o n s e  o f  g r a i n  y i e l d  t o  N. 
The w a t e r - s e e d e d  r i c e  ou t  y i e l d e d  t h e  d r i l l - s e e d e d  r i c e  from 500 t o  2200 
kg /ha  depending upon t h e  N r a t e .
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Figure  35 .  N r a t e  x N a p p l i c a t i o n  t ime i n t e r a c t i o n  f o r  the  
number o f  days t o  50% heading o f  Mars r i c e  grown 
on Crowley s i l t  loam. Rice Research S t a t i o n .  
Crowley,  LA. 1983.
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Figure  35.  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on th e  
g r a i n  y i e l d  o f  d r i l l - s e e d e d  Mars r i c e  grown on 
Crowley s i l t  loam. Rice Research S t a t i o n .  Crowley,  
LA. 1983.
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Figure  37.  I n f l u e n c e  o f  N r a t e s  and a p p l i c a t i o n  t im es  on th e  
g r a i n  y i e l d  o f  w a t e r - s e e d e d  Mars r i c e  grown on 
Crowley s i l t  loam. Rice Research S t a t i o n .  Crowley,  
LA. 1983. * ,* *  S i g n i f i c a n t  a t  t h e  0 .05  and 0.01
l e v e l s  o f  p r o b a b i l i t y ,  r e s p e c t i v e l y .
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Figure 38. Cultural system x N rate interaction fo r  grain y ie ld
of Mars r ice grown on Crowley s i l t  loam. Rice Research
Station. Crowley, LA. 1983.
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The c u l t u r a l  system x N a p p l i c a t i o n  t ime  i n t e r a c t i o n  f o r  g r a i n  y i e l d  
i s  shown in F ig u re  39. In t h e  d r i l l - s e e d e d  r i c e ,  when t h e  t o t a l  N r a t e  
was a p p l i e d  p r e f l o o d ,  t h e r e  was app rox im ate ly  a 550 kg /ha  g r a i n  y i e l d  
i n c r e a s e  in r e l a t i o n  t o  t h e  s p l i t  a p p l i c a t i o n s  o f  N. In t h e  w a te r - s e e d e d  
r i c e ,  g r a i n  y i e l d s  were maximized when N was a p p l i e d  as a th ree -w ay  s p l i t  
a p p l i c a t i o n .  However, t h e  magnitude o f  t h e  g r a i n  y i e l d  i n c r e a s e  due t o  N 
a p p l i c a t i o n  t im e  was no t  as  d ram a t ic  in t h e  w a t e r - s e e d e d  r i c e .  There was 
app rox im a te ly  a 200 kg /ha g r a i n  y i e l d  i n c r e a s e  when N was a p p l i e d  as a 
th ree -w ay  s p l i t  a p p l i c a t i o n  in r e l a t i o n  t o  t h e  two-way s p l i t  a p p l i c a t i o n  
o r  t h e  s i n g l e  p r e p l a n t  N a p p l i c a t i o n .
The N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  g r a i n  y i e l d  i s  
i l l u s t r a t e d  in  F igu re  40. Polynomial c o n t r a s t  i n d i c a t e d  t h e r e  was a 
s i g n i f i c a n t  q u a d r a t i c  r e s p o n s e  o f  g r a i n  y i e l d  when N was a p p l i e d  as s p l i t  
a p p l i c a t i o n s .  There was a s i g n i f i c a n t  cub ic  response  o f  g r a i n  y i e l d  when 
N was a p p l i e d  as a s i n g l e  p r e f l o o d  o r  p r e p l a n t  a p p l i c a t i o n .  In g e n e r a l ,  
g r a i n  y i e l d s  were l a r g e s t  when N was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  
p r e f l o o d  a p p l i c a t i o n .
The c u l t u r a l  system x N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  
g r a i n  y i e l d  i s  i l l u s t r a t e d  in  F igu re s  41 and 42. In t h e  d r i l l - s e e d e d  
r i c e  ( F ig u r e  4 1 ) ,  po lynomia l  c o n t r a s t  i n d i c a t e d  t h a t  g r a i n  y i e l d s  showed 
a s i g n i f i c a n t  l i n e a r  r e sponse  t o  N when t h e  t o t a l  N r a t e  was a p p l i e d  
p r e f l o o d .  There  were s i g n i f i c a n t  q u a d r a t i c  and c ub ic  r es p o n s e s  o f  g r a i n  
y i e l d  t o  N when  N was a p p l i e d  a s  t h e  t w o - w a y  a n d  t h r e e - w a y  s p l i t  
a p p l i c a t i o n s .  In t h e  w a t e r - s e e d e d  r i c e  ( F i g u r e  4 2 ) ,  g r a i n  y i e l d s  showed 
s i g n i f i c a n t  q u a d r a t i c  r e s p o n s e s  t o  a l l  t h e  N a p p l i c a t i o n  t im e s .  In t h e  
d r i l l - s e e d e d  r i c e  t h e  l a r g e r  g r a i n  y i e l d  (7870 kg/ha)  was produced by 
app ly ing  136 kg N/ha p r e f l o o d .  In t h e  w a te r - s e e d e d  r i c e ,  t h e  l a r g e r
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Figure 39. Cultural system x N application time in teraction fo r
grain y ie ld  of Mars r ice  grown on Crowley s i l t  loam.
Rice Research Station. Crowley, LA. 1983.
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F igu re  40.  N r a t e  x N a p p l i c a t i o n  t ime  i n t e r a c t i o n  f o r  g r a i n  
y i e l d  o f  Mars r i c e  grown on Crowley s i l t  loam. 
Rice Research S t a t i o n .  Crowley,  LA. 1983.
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F igu re  41 .  C u l t u r a l  system ( d r i l l - s e e d e d )  x N r a t e  x N a p p l i c a ­
t i o n  t ime i n t e r a c t i o n  f o r  g r a i n  y i e l d  o f  Mars r i c e  
grown on Crowley s i l t  loam. Rice Research S t a t i o n .  
Crowley,  LA. 1983.
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Figu re  42 .  C u l t u r a l  system ( w a te r - s e e d e d )  x N r a t e  x N a p p l i ­
c a t i o n  t im e  i n t e r a c t i o n  f o r  g r a i n  y i e l d  o f  Mars 
r i c e  grown on Crowley s i l t  loam. Rice Research  
S t a t i o n .  Crowley,  LA. 1983.
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g r a i n  y i e l d  (8490 kg/ha)  was produced by a p p ly ing  170 kg N/ha as a t h r e e -  
way s p l i t  a p p l i c a t i o n .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  p a n i c l e s  p e r  square  m e t e r ,  f l o r e t s  p e r  p a n i c l e ,  o r  p e r c e n t  s t e r i l e  
f l o r e t s  (T ab le  57) .  However, t h e  w a te r - s e e d e d  r i c e  had a g r e a t e r  p a n i c l e  
d e n s i t y ,  m o re  f l o r e t s  p e r  p a n i c l e ,  a n d  a h i g h e r  f l o r e t  s t e r i l i t y  
p e rc e n ta g e .  P a n i c l e s  p e r  squa re  m ete r ,  f l o r e t s  p e r  p a n i c l e ,  and f l o r e t
s t e r i l i t y  s i g n i f i c a n t l y  i n c r e a s e d  w i th  i n c r e a s e d  N r a t e s .  P a n ic l e
-2  -2  d e n s i t y  i n c r e a s e d  from 372 p a n ic l e / m  (0 N) t o  462 p a n i c l e s / m  (170 kg
N/ha) .  F l o r e t s  p e r  p a n i c l e  i n c r e a s e d  from 8 8  (0 N) t o  118 (170 kg N/ha)
whi l e  p e r c e n t  s t e r i l e  f l o r e t s  i n c r e a s e d  from 7.3% (0 N) t o  14.1% (170 kg
N/ha) .  There were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im es
f o r  p a n i c l e s  p e r  s q u a r e  m e t e r  and p e r c e n t  s t e r i l e  f l o r e t s .  P a n i c l e
d e n s i t y  and f l o r e t  s t e r i l i t y  were l a r g e r  when N was a p p l i e d  as  a s i n g l e
p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  Th is  i s  in agreement  wi th  P a t r i c k  and
Mikkelsen  (1971) who advoca ted  b a s a l  N a p p l i c a t i o n s  f o r  i n c r e a s e d  p a n i c l e
d e n s i t y .  There  were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n
t im es  f o r  f l o r e t s  p e r  p a n i c l e .
There was a s i g n i f i c a n t  N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  
p a n i c l e s  p e r  squa re  m e t e r  (F ig u re  4 3 ) .  P a n i c l e  d e n s i t y  was s i m i l a r  among 
t h e  N a p p l i c a t i o n  t im e s  up t o  t h e  102 kg N/ha r a t e .  At t h e  h ig h e r  N 
r a t e ,  t h e  number of  p a n i c l e s  p e r  square  m ete r  i n c r e a s e d  p r o p o r t i o n a l l y  t o  
t h e  p e rc e n ta g e  o f  t h e  N r a t e  t h a t  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  (Tab le  
3 ) .
There was a s i g n i f i c a n t  c u l t u r a l  system x N r a t e  i n t e r a c t i o n  f o r  
f l o r e t s  p e r  p a n i c l e  (F ig u re  44 ) .  The r e sponse  o f  f l o r e t s  p e r  p a n i c l e  a t  
each N r a t e  was s i m i l a r  f o r  t h e  c u l t u r a l  systems with t h e  ex c ep t io n  o f
Table 57. The influence of cultural system, N ra te ,  and time of N application on panicles per square meter, f lo re ts  per panicle, and
per cent s t e r i l e  f lo re ts  of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1983.
Panicles Per Square Meter F lorets Per Panicle Per Cent S te rile  Florets
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  panicles/M^-------------   No.    t
0 379 365 62 114 8.3 6.2
372 c 88 c 7.3 c
34 1 367 363 99 91 8.9 7.2
34 2 370 378 82 103 7.7 8.7
34 3 364 413 108 97 9.8 7.2
376 c 97 c 8.3 be
68 1 399 454 109 113 7.7 10.2
68 2 342 379 105 103 9.8 9.1
68 3 380 411 116 120 9.3 7.9
394 be 111 ab 9.0 be
102 1 378 475 112 110 9.1 9.6
102 2 405 501 106 111 8.6 10.2
102 3 399 434 110 103 8.6 11.7
432 ab 109 b 9.6 b
136 1 412 538 130 117 12.3 17.6
136 2 387 488 109 129 9.6 13.9
136 3 388 359 129 112 8.3 11.3
429 ab 121 a 12.2 a
170 1 440 586 116 112 14.8 19.8
170 2 465 450 120 127 10.8 16.3
170 3 398 434 121 112 10.2 12.7
462 a 118 ab 14.1 a
Cultural System Mean 392 a 439 a 108 a 111 a 9.6 a 11.2 a
C.V., % 13.4 13.6 28.0
N Time 2/ Panicles Per Square Meter Florets Per 1Panicle Per Cent S te rile Florets
2
1 441 a 111 a 11.7 a
2 416 ab 110 a 10.5 ab
3 398 b 113 a 9.7 b
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a comnon l e t t e r  are not s ignif icantly  different  at the 5X probability level according to DMRT. CO
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Figure 43. N rate x N application time interaction fo r  panicles
per square meter o f Mars r ice grown on Crowley s i l t
loam. Rice Research Station. Crowley, LA. 1983.
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Figure 43. N rate x N application time in teraction fo r  panicles
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F igu re  44 .  C u l t u r a l  sys tem x N r a t e  i n t e r a c t i o n  f o r  t h e  number o f  
f l o r e t s  p e r  p a n i c l e  o f  Mars r i c e  grown on Crowley s i l t  
loam. Rice Research S t a t i o n .  Crowley,  LA. 1983.
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t h e  check p l o t  (0  N). At t h e  check p l o t  (0  N) , t h e  w a t e r - s e e d e d  r i c e  had 
an ave rage  o f  52 f l o r e t s  p e r  p a n i c l e  more t h a n  t h e  d r i l l - s e e d e d  r i c e .  I t  
i s  s p e c t u l a t e d  t h a t  t h e  d i f f e r e n c e  between t h e  c u l t u r a l  systems on t h e  
check p l o t  (0 N) i s  a f u n c t i o n  o f  t h e  N n u t r i t i o n a l  s t a t u s  o f  t h e  r i c e  
p l a n t  a t  t h e  p h y s i o l o g i c a l  s t a g e  o f  development  when f l o r e t s  pe r  p a n i c l e  
a r e  de te rm ine d .  F l o r e t s  p e r  p a n i c l e  a r e  de te rmined  in  t h e  r e p r o d u c t i v e  
s t a g e  o f  deve lopment  o f  t h e  r i c e  p l a n t .  The r e p r o d u c t i v e  s t a g e  o f  
d e v e l o p m e n t  i s  d e f i n e d  a s  t h e  p e r i o d  b e g i n n i n g  w i t h  p a n i c l e  
d i f f e r e n t i a t i o n  and end in g  when 50% o f  t h e  f l o r e t s  have p o l l i n a t e d  
( S t a n s e l ,  1975) .  At t h e  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e  o f  development ,  
t h e  w a t e r - s e e d e d  r i c e  had a h i g h e r  N c o n c e n t r a t i o n  in t h e  dry m a t t e r  and
had over  t w i c e  as  much dry m a t t e r  accum ula t ion  and N up take  by t h e  r i c e
p l a n t s  t h a n  t h e  d r i l l - s e e d e d  r i c e  (Tab le  54 ) .  The d a ta  i n d i c a t e s  t h a t  
under  t h e  c o n d i t i o n s  o f  t h i s  s t u d y ,  t h e  w a te r - s e e d e d  r i c e  had a g r e a t e r  N 
use  e f f i c i e n c y  o f  n a t i v e  s o i l  N. T h i s  may be r e f l e c t e d  as t h e  d i f f e r e n c e  
between t h e  c u l t u r a l  systems f o r  t h e  number o f  f l o r e t s  p e r  p a n i c l e  a t  t h e  
check p l o t  (0 N).
The re  was a l s o  a s i g n i f i c a n t  c u l t u r a l  system x N a p p l i c a t i o n  t ime  
i n t e r a c t i o n  f o r  f l o r e t s  p e r  p a n i c l e  (F igu re  45 ) .  In t h e  d r i l l - s e e d e d  
r i c e ,  t h e  number o f  f l o r e t s  p e r  p a n i c l e  were l a r g e r  when N was a p p l i e d  
as  a t h re e -w a y  s p l i t  a p p l i c a t i o n  and s m a l l e r  when N was a p p l i e d  as a two- 
way s p l i t  a p p l i c a t i o n .  In t h e  w a t e r - s e e d e d  r i c e ,  t h e  number o f  f l o r e t s
p e r  p a n i c l e  were t h e  same when N was a p p l i e d  as  a s i n g l e  a p p l i c a t i o n
p r e p l a n t  o r  a s  a t h r e e -w a y  s p l i t  a p p l i c a t i o n .  However, when N was 
a p p l i e d  as a two-way s p l i t  a p p l i c a t i o n ,  t h e r e  was an i n c r e a s e  in t h e  
number o f  f l o r e t s  p e r  p a n i c l e .  I t  i s  s p e c u l a t e d  t h a t  t h e  d i f f e r e n t i a l  
r e sponse  o f  f l o r e t s  p e r  p a n i c l e  among t h e  N a p p l i c a t i o n  t im es  w i t h in  t h e
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45. C u l t u r a l  sys tem x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  
t h e  number o f  f l o r e t s  p e r  p a n i c l e  o f  Mars r i c e  grown 
on Crowley s i l t  loam. Rice Research S t a t i o n .  Crowley,  
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c u l t u r a l  systems may be due t o  t h e  d i f f e r e n c e s  in growth and development 
o f  r i c e  between t h e  c u l t u r a l  sys tems.  As shown in  Tab le  56,  t h e r e  was a 
f o u r  day s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  days t o  
50% h e a d i n g .  T h i s  i n d i c a t e s  t h a t  t h e  w a t e r - s e e d e d  r i c e  h a d  
p h y s i o l o g i c a l l y  deve loped more r a p i d l y  than  t h e  d r i l l - s e e d e d  r i c e .  Thus,  
under  t h e  c o n d i t i o n s  o f  t h i s  s t u d y ,  t h e  more e f f e c t i v e  and e f f i c i e n t  way 
t o  i n c r e a s e  t h e  f l o r e t s  p e r  p a n i c l e  in t h e  d r i l l - s e e d e d  r i c e  i s  t o  apply 
N in a th ree -w ay  s p l i t  a p p l i c a t i o n .  In t h e  th re e -w a y  s p l i t  a p p l i c a t i o n ,  
t h e  N i s  a p p l i e d  l a t e r  i n  t h e  growing season  than  t h e  two-way s p l i t  
a p p l i c a t i o n  (Tables  3 and 4 ) .  Apparent ly  t h e  l a t e r  N a p p l i c a t i o n  d a t e s  
c o i n c i d e s  wi th  t h e  growth and development o f  t h e  d r i l l - s e e d e d  r i c e  and 
f l o r e t s  p e r  p a n i c l e  a r e  f a v o r a b l y  i n f l u e n c e d .  The d a t a  i n d i c a t e s  t h a t  
t h e  t w o - w a y  s p l i t  a p p l i c a t i o n  o f  N c o i n c i d e s  w i t h  t h e  g r o w t h  and  
d e v e l o p m e n t  o f  t h e  w a t e r - s e e d e d  r i c e  a n d  f l o r e t s  p e r  p a n i c l e  a r e  
f a v o r a b l y  i n f l u e n c e d .  T h i s  i s  a t t r i b u t e d  t o  a r a p i d  p h y s i o l o g i c a l  
d e v e l o p m e n t  o f  t h e  w a t e r - s e e d e d  r i c e  ( T a b l e  5 6 )  a nd  t h e  e a r l i e r  
a p p l i c a t i o n  d a t e s  o f  t h e  two-way s p l i t  a p p l i c a t i o n  o f  N (Tab le s  3 and 4) .
There were s i g n i f i c a n t  c o r r e l a t i n s  between N up take  a t  m i d - t i l l e r i n g  
and p a n i c l e s  p e r  s q u a re  m e t e r  ( r  = 0.44**) and N u p take  a t  p a n i c l e  
d i f f e r e n t i a t i o n  and f l o r e t s  p e r  p a n i c l e s  ( r  = 0.34**) . Th is  i s  in  
agreement  wi th  Murayama (1979)  who found p o s i t i v e  c o r r e l a t i o n s  between N 
up take  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  o f  development  wi th  t h e s e  two 
y i e l d  components.
T h e r e  w e r e  s i g n i f i c a n t  c u l t u r a l  s y s t e m  x N r a t e  a n d  N r a t e  x N 
a p p l i c a t i o n  t im e  i n t e r a c t i o n s  f o r  p e r c e n t  s t e r i l e  f l o r e t s .  From t h e  0 t o  
6 8  kg N/ha r a t e s  f l o r e t  s t e r i l i t y  was s i m i l a r  f o r  both c u l t u r a l  systems 
(F ig u re  46 ) .  However a t  t h e  h i g h e r  N r a t e s ,  t h e r e  was a two t o  s i x
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Figure 46. Cultural system x N rate interaction fo r  percent
s te r i le  f lo re ts  of Mars r ice  grown on Crolwey s i l t
loam. Rice Research Station. Crowley, LA. 1983.
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p e r c e n t  i n c r e a s e  in  f l o r e t  s t e r i l i t y  in  t h e  w a t e r - s e e d e d  r i c e .  I t  i s  
s p e c u l a t e d  t h a t  s i n c e  t h e  w a t e r - s e e d e d  r i c e  produced more s t r a w  than  t h e  
d r i l l - s e e d e d  r i c e  (Tab le  5 9 ) ,  i n c r e a s e d  f l o r e t  s t e r i l i t y  in t h e  w a te r -  
seeded  r i c e  may be due t o  t h e  mutual  shad in g  e f f e c t .  With i n c r e a s e d  
s t r a w  p r o d u c t i o n ,  t h e r e  a r e  i n c r e a s e s  in dry m a t t e r  and l e a f  a rea  which 
l i m i t  l i g h t  supp ly  t o  each p l a n t  due t o  mutual  s h a d ing .  Mutual shading  
c auses  an imba lance  between p h o t o s y n t h e s i s  and r e s p i r a t i o n  wi th  a ne t  
r e s u l t  of  de c re a s ed  p h o t o s y n t h e t i c  a c t i v i t y  (Tanaka,  1964) .  The f l o r e t s  
f a i l  t o  f i l l  due t o  a l ack  o f  p h o to sy n th a te .  Murata  (1969) a t t r i b u t e d  
f l o r e t  s t e r i l i t y  wi th  i n c r e a s e d  N r a t e s  t o  a reduced  number o f  germinated  
p o l l e n  a t  t h e  s t igma.  Th i s  was a t t r i b u t e d  t o  t h e  i n c r e a s e  occurance  of  
incomple te  d e h i s c i n g  o f  t h e  a n t h e r s  and abnormal b e h a v io r  o f  f i l a m e n t s  a t  
t h e  t im e  o f  f lo w e r in g .  There  could be a d i f f e r e n t i a l  r e sponse  between 
t h e  c u l t u r a l  systems f o r  t h e  number o f  ge rm ina ted  p o l l e n .  This  may a l s o  
accoun t  f o r  t h e  h i g h e r  f l o r e t  s t e r i l i t y  in t h e  w a t e r - s e e d e d  r i c e .
The N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r  p e r c e n t  s t e r i l e  
f l o r e t s  i s  i l l u s t r a t e d  in F i g u re  47. There  was a s i m i l a r  r e sponse  among 
t h e  N a p p l i c a t i o n  t im es  up t o  t h e  102 kg N/ha r a t e .  At t h e  h i g h e r  N 
r a t e s ,  f l o r e t  s t e r i l i t y  i n c r e a s e d  in p r o p o r t i o n  t o  t h e  p e r c e n t  o f  t h e  N 
r a t e  t h a t  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  (Table  3 ) .  The reason  f o r  t h e  
d i f f e r e n t i a l  r e s p o n s e  among t h e  N a p p l i c a t i o n  t im e s  f o r  f l o r e t  s t e r i l i t y  
a t  t h e  h i g h e r  N r a t e s  i s  t h o u g h t  t o  be due t o  t h e  mutual  shading  e f f e c t  
and t h e  r educed number o f  ge rm ina ted  p o l l e n  g r a i n s .  However, Tab le  59 
and F ig u re  52 lend more e v id e n c e  toward t h e  mutual shad ing  e f f e c t .  There 
were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im e s  f o r  s t r aw 
y i e l d s  and t h e s e  c o i n c i d e d  w i th  t h e  i n c r e a s e s  in  f l o r e t  s t e r i l i t y .  
There was a l s o  a s i g n i f i c a n t  N r a t e  x N a p p l i c a t i o n  t im e  i n t e r a c t i o n  f o r
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Figure 47. N rate x N application time in teraction fo r percent
s te r i le  f lo re ts  o f Mars r ice grown on Crowley s i l t
loam. Rice Research Station. Crolwey, LA. 1983.
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s t r a w  y i e l d  ( F ig u r e  52) .  The s t r aw  y i e l d  i n t e r a c t i o n  i s  very  s i m i l a r  t o  
t h e  N r a t e  x N a p p l i c a t i o n  t ime  i n t e r a c t i o n  f o r  f l o r e t  s t e r i l i t y .  The 
s i m i l a r i t y  o f  t h e s e  i n t e r a c t i o n s  may s u g g e s t  a c a u s e  a nd  e f f e c t  
r e l a t i o n s h i p  between s t r a w  y i e l d s  (mutual  s h a d in g )  and f l o r e t  s t e r i l i t y .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  g r a i n s  p e r  p a n i c l e  and p a n i c l e  we igh t  (Table  58) .  However, t h e  
d r i l l - s e e d e d  r i c e  had a s i g n i f i c a n t l y  h e a v i e r  one thousand  g r a i n  weight  
(Table  58 ) .  N i t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  number o f  
g r a i n s  p e r  p a n i c l e ,  t h e  one  thousand  g r a i n  w e i g h t ,  and t h e  p a n i c l e  
w e i g h t .  The  n u m b e r  o f  g r a i n s  p e r  p a n i c l e  a n d  t h e  p a n i c l e  w e i g h t  
g e n e r a l l y  i n c r e a s e d  wi t h  i n c r e a s e d  N r a t e s .  C o n v e r s e ly ,  t h e r e  was a 
ge n e ra l  d e c r e a s e  in t h e  one thousand  g r a i n  weight  wi th  i n c r e a s e d  N r a t e s .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  N a p p l i c a t i o n  t im es  f o r  
t h e  number o f  g r a i n s  p e r  p a n i c l e  o r  t h e  p a n i c l e  w e igh t .  However, both 
t h e  number o f  g r a i n s  p e r  p a n i c l e  and p a n i c l e  weight  were g r e a t e r  when N 
was a p p l i e d  as  a th r e e -w a y  s p l i t  a p p l i c a t i o n .  There were s i g n i f i c a n t  
d i f f e r e n c e s  among t h e  N a p p l i c a t i o n  t im e s  f o r  t h e  one thousand  g r a i n  
w e ig h t  w i th  t h e  one th o u sa n d  g r a i n  w e igh t  b e in g  h e a v i e r  when N was 
a p p l i e d  a s  a t h r e e -w a y  s p l i t  a p p l i c a t i o n .  T h i s  i s  in agreement  wi th  
Murata  (1969) who found t h a t  t h e  s m a l l e r  t h e  p r e p l a n t  o r  p r e f l o o d  
a p p l i c a t i o n s  o f  N t h e  l a r g e r  t h e  e f f e c t  o f  t o p d r e s s i n g  on t h e  one 
thousand  g r a i n  w e igh t .
There  were s i g n i f i c a n t  c u l t u r a l  system x N r a t e  and c u l t u r a l  system 
x N a p p l i c a t i o n  t im e  i n t e r a c t i o n s  f o r  g r a i n s  p e r  p a n i c l e  (F ig u re s  48  and 
49) and f o r  p a n i c l e  we igh t  ( F i g u r e s  50 and 51) .  The g r a i n s  p e r  p a n i c l e  
a n d  p a n i c l e  w e i g h t  i n t e r a c t i o n s  a r e  d i r e c t  r e f l e c t i o n s  o f  t h e  
i n t e r a c t i o n s  f o r  f l o r e t s  p e r  p a n i c l e  ( F ig u r e s  46 and 47 ) .  The s i m i l a r i t y
Table 58 . The influence of cultural system, N ra te ,  and time of N application on the number of grains per panicle,  the weight of
one thousand grains and the panicle weight of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA.
1983.
Grains Per Panicle 1000 Grain Height Panicle Height
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded
N Rate N Time 1/
kg/ha  No.   gram s------------------  grams
0 57 107 27.2 26.8 1.64 3.02
82 b 27.0 ab 2.33 c
34 1 90 84 27.9 27.6 2.63 2.46
34 2 76 94 27.4 27.0 2.21 2.68
34 3 98 90 27.9 27.2 2.91 2.55
89 t> 27.5 a 2.58 be
68 1 101 101 27.2 26.4 2.86 2.82
68 2 95 94 27.0 27.3 2.70 2.70
68 3 105 111 28.0 27.2 3.04 3.17
101 a 27.2 ab 2.88 a
102 1 102 99 26.7 25.9 2.87 2.73
102 2 97 100 27.4 25.8 2.79 2.73
102 3 100 90 27.9 26.4 2.94 2.61
98 a 26.7 b 2.78 ab
136 1 114 96 25.8 25.0 3.10 2.62
136 2 98 111 27.0 25.2 2.77 2.98
136 3 118 100 27.0 25.6 2.98 2.70
106 a 25.9 c 2.86 a
170 1 99 90 27.2 24.9 2.86 2.41
170 2 107 106 25.7 25.4 2.91 2.84
170 3 109 98 27.0 25.4 3.12 2.66
102 a 25.9 c 2.80 ab
Cultural System Mean 98 a 98 a 27.1 a 26.2 b 2.77 a 2.73
C.V., % 14.0 2.9 13.9
N Time 2/ Grains Per Panicle 1000 Grain Weight Panicle Weight
—  No. -- grams - — ---------- grams —-
1 98 a 26.4 a 2.74 a
2 98 a 26.5 ab 2.73 a
3 102 a 27.0 b 2.87 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not significantly  different  at the 52 probability level according to DMRT.
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F igu re  48.  C u l t u r a l  sys tem x N r a t e  i n t e r a c t i o n  f o r  t h e  number 
o f  g r a i n s  pe r  p a n ic e l  o f  Mars r i c e  grown on Crowley 
s i l t  loam. Rice Research  S t a t i o n .  Crowley,  LA. 1983.
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Figure  50. C u l t u r a l  system x N r a t e  i n t e r a c t i o n  f o r  t h e  p a n i c l e
weight of Mars rice grown on Crowley s i l t  loam. Rice
Research Station. Crowley, LA. 1983.
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Figure 51. Cultural system x N application time fo r  the panicle
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o f  t h e  f i g u r e s  i l l u s t r a t i n g  t h e  i n t e r a c t i o n s  f o r  f l o r e t s  p e r  p a n i c l e ,  
g r a i n s  p e r  p a n i c l e ,  and p a n i c l e  we igh t  i l l u s t r a t e  how p a n i c l e  weight  i s  
governed  by g r a i n s  p e r  p a n i c l e  and how g r a i n s  p e r  p a n i c l e  i s  i n f lu e n c e d  
by f l o r e t s  p e r  p a n i c l e .
M u l t i p l e  r e g r e s s i o n  a n a l y s e s  i n d i c a t e d  t h a t  42% o f  t h e  t o t a l  
v a r i a t i o n  in g r a i n  y i e l d  cou ld  be accounted f o r  by p a n i c l e  d e n s i t y ,  t h e  
number o f  g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  weight .
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  t h e  s t r a w  y i e l d  and t h e  N c o n c e n t r a t i o n  in t h e  s t r aw  (Table  59).
However, o v e r a l l  t h e  w a t e r - s e e d e d  produced ove r  1200 kg/ha more s t r a w
t h a n  t h e  d r i l l - s e e d e d  r i c e  (T ab le  59) .  The s t r aw  y i e l d  d i f f e r e n c e  i s  
r e f l e c t e d  in  N up take  s i n c e  t h e  w a te r - see de d  r i c e  had s i g n i f i c a n t l y  more 
N uptake.  N i t ro g e n  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  s t r aw  y i e l d ,  
t h e  N c o n c e n t r a t i o n  i n  t h e  s t r a w ,  a n d  N u p t a k e .  The s t r a w  y i e l d
i n c r e a s e d  from 5100 kg /ha  (0 N) t o  11470 kg /ha  (170 kg N/ha) .  The N
c o n c e n t r a t i o n  in t h e  s t r a w  and N up take  i n c r e a s e d  from 0.57% N ( 6 8  kg 
N/ha)  t o  0.69% N (170 kg N/ha)  and from 32.6 kg N/ha (0 N) t o  80.1 kg 
N/ha (170 kg N/ha) .  The s t r a w  y i e l d  and N u p tak e  were s i g n i f i c a n t l y  
h i g h e r  when t h e  t o t a l  N r a t e  was a p p l i e d  p r e p l a n t  o r  p r e f l o o d  in c o n t r a s t  
t o  t h e  s p l i t  a p p l i c a t i o n s  o f  N. There were no s i g n i f i c a n t  d i f f e r e n c e s  
among >he N a p p l i c a t i o n  t im e s  f o r  t h e  N c o n c e n t r a t i o n  in t h e  s t raw.
There were s i g n i f i c a n t  N r a t e  x N a p p l i c a t i o n  i n t e r a c t i o n s  f o r  t h e  
s t r a w  y i e l d  and N up take  ( F i g u r e s  52 and 53) .  Both t h e  s t r a w  y i e l d  and N 
up take  were s i m i l a r  a t  t h e  t h r e e  N a p p l i c a t i o n  t im es  up t o  t h e  102 kg 
N/ha r a t e .  At t h e  h i g h e r  N r a t e s ,  t h e  s t r a w  y i e l d  and N up take  i n c r e a s e d  
in p r o p o r t i o n  t o  t h e  p e r c e n t a g e  o f  t h e  N r a t e  t h a t  was a p p l i e d  p r e p l a n t  
o r  p r e f l o o d  (T a b le  3 ) .
Table 59. The influence of cultural system, N ra te ,  and time of N application on the yield of straw, N concentration in the straw, and
N uptake by the straw of Mars rice grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1983.
Straw Yield N Cone. Straw
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1/
N Uptake Straw 
Drill-Seeded Water-Seeded
kg/ha kg/ha N kg N /ha
N Time 2/ Straw Yield
— kg/ha —
10160 a 
8970 b 
8480 b
N Cone. Straw 
 * N----
0.62 a 
0.60 a 
0.63 a
0 4150 6040 0.74 0.58 30.0 35.1
5100 e 0.66 a 32.6 d
34 1 6470 6890 0.54 0.60 34.2 40.9
34 2 5980 6520 0.57 0.57 33.9 37.4
34 3 5750 7400 0.58 0.62 33.1 44.9
6500 d 0.58 b 37.4 d
68 1 8410 9270 0.54 0.57 45.0 53.2
68 2 7180 7660 0.56 0.55 39.8 41.7
68 3 7200 8350 0.61 0.60 43.6 49.7
8010 c 0.57 b 45.5" c
102 1 8990 10900 0.56 0.65 50.1 70.9
102 2 8570 11370 0.50 0.62 43.1 70.9
102 3 8330 10200 0.61 0.66 51.4 68.0
9730 b 0.60 b 59.1 b
136 1 10920 15530 0.66 0.67 72.1 90.3
136 2 8660 10860 0.63 0.63 53.6 67.9
136 3 8940 8850 0.62 0.67 55.7 59.5
10300 b 0.65 a 66.5 b
170 1 11690 14500 0.66 0.79 77.7 115.0
170 2 12180 10690 0.63 0.74 76.3 78.7
170 3 9850 9930 0.66 0.68 65.6 67.0
11470 a 0.69 a 80.1 a
Cultural System Mean 8330 a 9560 a 0.64 a 0.60 a 50.3 a 61.9
C.V., Z 15.0 11.5 20.5
N Uptake Straw 
- kg N / h a  —
64.9 a 
54.3 b
53.9 b
J./ See Table 3 for N application time description.
2/ N time means over cultural systems and N rates.
Means followed by a coinnon l e t t e r  are not s ignif icantly  d ifferen t  a t  the 5% probability level according to DMRT. IV)oo
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There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c u l t u r a l  systems f o r  
t h e  N c o n c e n t r a t i o n  in t h e  g r a i n  bu t  t h e  w a t e r - s e e d e d  r i c e  d id  have a 
s i g n i f i c a n t l y  g r e a t e r  N a b s o r p t i o n  by t h e  g r a i n  (T a b le  60 ) .  N i t roge n  
r a t e  and t im e  o f  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  N c o n c e n t r a t i o n  
in  t h e  g r a i n  and t h e  N uptake .  The narrow range o f  N c o n c e n t r a t i o n s  in 
t h e  g r a i n  (1.09% N t o  1.16% N) i n d i c a t e s  t h e  c o n c e n t r a t i o n  o f  N in t h e  
g r a i n  i s  a r e l a t i v e l y  c o n s t a n t  va lue  and t h e r e  i s  l i t t l e  change in t h i s  
va lue  w i th  N a p p l i c a t i o n s .  The N absorbed by t h e  g r a i n  i n c r e a s e d  from 
54.3 kg N/ha (0 N) t o  107.7 kg N/ha (170 kg N/ha) .  The N c o n c e n t r a t i o n  
in t h e  g r a i n  and N absorbed  were s i g n i f i c a n t l y  h i g h e r  when N was a p p l i e d  
a s  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n  in  r e l a t i o n  t o  t h e  s p l i t  
a p p l i c a t i o n s  o f  N.
There  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  c u l t u r a l  systems 
f o r  h a r v e s t  index (HI) o r  N h a r v e s t  index (NHI) (Table  61) .  However, 
t h e r e  was s i g n i f i c a n t l y  more t o t a l  N up take  by t h e  w a te r - s e e d e d  r i c e  
(Table  61 ) .  Ni t rogen  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  HI,  t h e  t o t a l  
N up take ,  and NHI. The t o t a l  N up take  i n c r e a s e d  from 8 6 . 8  kg N/ha (0 N) 
t o  187.8 kg N/ha (170 kg N/ha) .  There was a ge n e ra l  d e c r e a s e  in  HI and 
NHI wi th  in c r e a s e d  N r a t e s .  There  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  
N a p p l i c a t i o n  t im e s  N a p p l i c a t i o n  t im es  f o r  HI and t h e  t o t a l  N uptake.  
The t o t a l  N up take  was g r e a t e r  when N was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  
p r e f l o o d  a p p l i c a t i o n .  C onve rse ly ,  HI was l a r g e r  when N was a p p l i e d  as  a 
th re e -w a y  s p l i t  a p p l i c a t i o n .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among 
t h e  N a p p l i c a t i o n  t im es  f o r  NHI.
R e l a t i o n s h i p s  as shown by s imple  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  among 
y i e l d  components ,  p a n i c l e  w e i g h t s ,  h a r v e s t  indexes  (HI) and n i t r o g e n  
h a r v e s t  indexes  (NHI) a r e  p r e s e n t e d  in Tab le  62.
Table 60. The influence of cultural system, N ra te ,  and time of N application on N concentration
in the grain and N uptake by the grain of Mars r ice  grown on Crowley s i l t  loam. Rice
Research Station. Crowley, LA. 1983.
N Cone. Grain N Uptake Grain
Cultural System Drill-Seeded Water-Seeded Drill-Seeded Water-Seeded 
N Rate N Time 1/
kg/ha   % N ........................................................kg N /  ha
0 1.19 1.13 45.8 62.7
1.16 a 54.3 e
34 1 1.10 1.13 74.4 74.0
34 2 1.09 1.08 64.5 75.3
34 3 1.15 1.10 68.0 85.9
1.11 ab 73.7 d
68 1 1.08 1.09 87.7 99.8
68 2 1.06 1.10 73.1 86.3
68 3 1.13 1.08 77.4 101.1
. 1.09 b 87.6 c
102 1 1.06 1.11 85.0 105.4
102 2 1.05 1.05 87.2 103.1
102 3 1.08 1.16 86.6 95.8
1.09 b 93.9 be
136 1 1.14 1.23 100.9 117.6
136 2 1.06 1.09 84.4 107.5
136 3 1.08 1.14 90.1 97.2
1.12 ab 99.6 b
170 1 1.14 1.25 106.4 135.0
170 2 1.10 1.13 109.4 96.7
170 3 1.14 1.14 96.8 102.4
1.15 a 107.7 a
Cultural System Mean 1.10 a 1.12 a 83.6 a 96.6
C.V., % 7.0 12.9
N Time 2/ N Cone. Grain N Uptake Grain
—--  % N — - - kg N /  ha - -
1 1.13 a 98.6 a
2 1.08 b 90.2 b
3 1.12 ab 88.8 b
1/ See Table 3 fo r N application  time descrip tion .
2/ N time means over cu ltu ra l systems and N ra te s .
Means followed by a common l e t t e r  are not s ig n ifican tly  d iffe re n t a t the 5% probability  
level according to  DMRT.
Table 61. The influence of cultural system, N ra te ,  and time of N application on Harvest Index (HI) tota l  nitrogen uptake and Nitrogen
Harvest Index (NHI) of Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA. 1983.
Harvest Index
Cultural System Drill-Seeded Hater-Seeded
N Rate N Time 1/
Total N Uptake 
Drill-Seeded Hater-Seeded
Nitrogen Harvest Index 
Drill-Seeded Hater-Seeded
kg/ha HI kg N /ha NHI
0 0.48 0.47 75.8 97.8 0.60 0.62
0.48 a 86.8 f 0.61 b
34 1 0.51 0.49 108.6 114.9 0.69 0.64
34 2 0.50 0.52 98.4 112.6 0.65 0.67
34 3 0.51 0.51 101.2 130.8 0.67 0.66
0.51 b 111.1 e 0.66 c
68 1 0.49 0.50 132.6 153.0 0.66 0.65
68 2 0.49 0.51 112.9 127.9 0.65 0.67
68 3 0.49 0.53 121.0 150.8 0.64 0.67
0.50 b 133.1 d 0.66 c
102 1 0.47 0.47 135.1 176.3 0.63 0.60
102 2 0.49 0.47 130.3 174.1 0.67 0.60
102 3 0.49 0.45 138.0 163.8 0.63 0.59
0.47 a 152.9 c 0.62 b
136 1 0.45 0.42 173.0 207.9 0.59 0.57
136 2 0.48 0.48 138.0 175.4 0.61 0.61
136 3 0.48 0.49 145.8 156.7 0.62 0.62
0.47 a 166.2 d 0.60 ab
170 1 0.45 0.43 184.0 250.1 0.58 0.54
170 2 0.45 0.44 185.6 175.4 0.59 0.55
170 3 0.47 0.48 162.4 169.4 0.60 0.60
0.45 a 187.8 a 0.58 a
Cultural System Mean 0.48 a 0.48 a 133.9 a 158.6 b 0.63 a 0.62
C.V., % 7.4 12.5 7.0
N Time 2/ Harvest Index Total N Uptake Nitrogen Harvest Index
----- HI — — kg N /ha — -  NHI —
1 0.47 a 163.6 a 0.61 a
2 0.48 ab 143.1 b 0.63 a
3 0.49 b 144.0 b 0.63 a
1/ See Table 3 for N application time description.
2/ N time means over cultural systems and N ra tes .
Means followed by a common l e t t e r  are not s ignif icantly  different  at the 5% probability  level according to DMRT. r oo
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P a n i c l e  we igh t  was s i g n i f i c a n t l y  c o r r e l a t e d  wi th  g r a i n s  pe r  p a n ic l e .  
P a n i c l e s  p e r  s q u a re  m e t e r  were found t o  have s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n s  wi th  t h e  one thousand  g r a i n  w e ig h t ,  HI and NHI. The da ta  
i n d i c a t e s  as  p a n i c l e s  p e r  s qua re  m ete r  i n c r e a s e ,  t h e  one thousand  g r a i n  
w e ig h t ,  HI, and NHI d e c re a s e .  F l o r e t s  p e r  p a n i c l e  were s i g n i f i c a n t l y  
c o r r e l a t e d  wi th  g r a i n s  p e r  p a n i c l e  and p e r c e n t  s t e r i l e  f l o r e t s .  There 
were s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  f o r  both f l o r e t s  pe r  p a n i c l e  and 
g r a i n s  p e r  p a n i c l e  and t h e  one thousand  g r a i n  w e ig h t .  The d a ta  i n d i c a t e  
a s  f l o r e t s  pe r  p a n i c l e  and g r a i n  pe r  p a n i c l e  i n c r e a s e ,  t h e  one thousand 
g r a i n  weight  d e c r e a s e .  The one thousand  g r a i n  we igh t  was s i g n i f i c a n t l y  
c o r r e l a t e d  wi th  HI and NHI. H a rv e s t  index was s i g n i f i c a n t l y  c o r r e l a t e d  
w i th  NHI which was expec ted  due t o  t h e  s i m i l a r i t y  o f  t h e i r  d e f i n i t i o n s .  
H a r v e s t  i n d e x  a n d  NHI w e r e  f o u n d  t o  h a v e  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n s  wi th  p e r c e n t  s t e r i l e  f l o r e t s .
The s i g n i f i c a n t  c o r r e l a t i o n s  p r e s e n t e d  in Tab le  62 i l l u s t r a t e  how 
t h e  y i e l d  c o m p o n e n t s  i n t e r a c t  a nd  c o m p e n s a t e  f o r  e a c h  o t h e r  i n  
d e t e r m i n in g  t h e  y i e l d  o f  r i c e  (Matsushima,  1964) . The s i g n i f i c a n t  
c o r r e l a t i o n s  w i th  HI and NHI a r e  p robab ly  due t o  t h e  s i m i l a r  o r  o p p o s i t e  
r e s p o n s e  o f  H I ,  NHI,  a n d  t h e  y i e l d  c o m p o n e n t s  t o  N a p p l i c a t i o n s .  
However, t h e  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  o f  p e r c e n t  s t e r i l e  f l o r e t s  
w i th  HI and NHI may be due t o  t h e  mutual  shad ing  e f f e c t  o r  t h e  reduced 
number o f  ge rm ina ted  p o l l e n  a t  t h e  s t igma d i s c u s s e d  p r e v i o u s l y  in  Sec t ion  
I .  T h e  m u t u a l  s h a d i n g  e f f e c t  a n d  t h e  r e d u c t i o n  i n  t h e  n u m b e r  o f  
g e rm in a t e d  p o l l e n  i n c r e a s e  a s  N r a t e s  a r e  i n c r e a s e d .  A s i g n i f i c a n t  
c o r r e l a t i o n  ( r  = 0.60**) between p e r c e n t  s t e r i l e  f l o r e t s  and s t r aw y i e l d  
and s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between HI ( r  = -  0 .65**) ,  NHI ( r  = 
-0.57**)  and s t r a w  y i e l d  may lend s u p p o r t  t o  t h e  mutual  shading  e f f e c t
Table 62. Relationships as shown by simple correlation coefficients (r)  among yield components, panicle weights, harvest indexes
(HI) and nitrogen harvest indexes (NHI) of  Mars r ice  grown on Crowley s i l t  loam. Rice Research Station. Crowley, LA.
1983.
Panicles Florets
- 2 panicle
Grains , 1000-grain Harvest Nitrogen Percent
panicle ’ weight Index Harvest Index s te r i le  flo re ts
Panicle wt.
_2
Panicles/m 
F lorets/pan icle  
Grain/panicle 
1000-grain Wt.
Harvest Index 
Nitrogen Harvest Index
- 0.01 0.89**
0.08
0.93**
- 0 .0 2
0.96**
-0.04
-0.27**
0.34**
-0.27**
0.05
-0.44**
-0.13
- 0.01
0.25**
0.008
-0.39**
-0.17
-0.08
0.33**
0.80**
-0.05
0.38**
0.23**
-0.04
-0.29**
-0.42**
-0.36**
,** Significant a t the 0.05 and 0.01 levels o f p robab ility , respectively.
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ca u s in g  i n c r e a s e d  f l o r e t  s t e r i l i t y  a s  N r a t e s  a r e  i n c re as e d .  These 
c o r r e l a t i o n s  would s u p p o r t  t h e  mutual  shad in g  t h e o r y  i f  i t  assumed t h e r e  
a r e  r e l a t i o n s h i p s  between N, s t r a w  y i e l d ,  and mutual  shading.
SUMMARY AND CONCLUSIONS
F i e ld  i n v e s t i g a t i o n s  were conducted  a t  t h r e e  l o c a t i o n s  in  Lou i s iana  
t o  e v a l u a t e  t h e  i n f l u e n c e  o f  c u l t u r a l  system, N r a t e ,  and t ime  o f  N 
a p p l i c a t i o n  on t h e  growth and deve lopment ,  t h e  agronomic c h a r a c t e r i s t i c s ,  
t h e  g r a i n  y i e l d  and y i e l d  components o f  r i c e  (Oryza s a t i v a  L. c u l t i v a r  
Mars) .  The l o c a t i o n  o f  t h e  f i e l d  i n v e s t i g a t i o n s  were:  N o r th e a s t  Research 
S t a t i o n ,  St .  Jo seph ,  LA., Macon Ridge Branch of  t h e  N o r t h e a s t  Research 
S t a t i o n ,  Winnsboro, LA., and t h e  Rice Research  S t a t i o n ,  Crowley, LA. The 
c u l t u r a l  systems used in t h e s e  i n v e s t i g a t i o n s  were d r i l l - s e e d e d  r i c e  and 
w a te r - s e e d e d  r i c e  wi th  a " p in p o i n t "  f l o o d .  The N a p p l i c a t i o n  t imes  were:  
t o t a l  N r a t e  a p p l i e d  as a ba sa l  a p p l i c a t i o n  p r e p l a n t  o r  p r e f l o o d ,  2 /3  N 
r a t e  as a b asa l  a p p l i c a t i o n  p r e p l a n t  o r  p r e f l o o d ,  1/3 N r a t e  a t  p a n i c l e  
i n i t i a t i o n  (g re e n  r i n g ) ,  1/2 N r a t e  as a ba sa l  a p p l i c a t i o n  p r e p l a n t  or  
p r e f l o o d ,  1/4 N r a t e  a t  p a n i c l e  d i f f e r e n t i a t i o n ,  1/4 N r a t e  10-14 days 
a f t e r  p a n i c l e  d i f f e r e n t i a t i o n .
The accum ula t ion  o f  d r y  m a t t e r ,  t h e  N c o n c e n t r a t i o n  o f  t h e  dry 
m a t t e r ,  a n d  N u p t a k e  by t h e  r i c e  p l a n t s  w e r e  m e a s u r e d  a t  t h e  m i d -  
t i l l e r i n g  a n d  p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  o f  development .  The 
i n f l u e n c e  o f  c u l t u r a l  sys tem was i n c o n s i s t a n t  o v e r  t h e  l o c a t i o n s  and 
y e a r s  f o r  t h e  v a r i a b l e s  m e a s u r e d  a t  m i d - t i 1 l e r i n g  an d  p a n i c l e  
d i f f e r e n t i a t i o n .  However, in ge n e ra l  t h e  c u l t u r a l  system wi th  t h e  l a r g e r  
v a lu e s  f o r  t h e  v a r i a b l e s  a t  t h e s e  two p h y s i o l o g i c a l  s t a g e s  a l s o  had 
l a r g e r  g r a i n  y i e l d s .  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  up t o  
55 and 61% o f  t h e  t o t a l  v a r i a t i o n  in  g r a i n  y i e l d  could  be accounted f o r  
by t h e  accum ula t io n  o f  dry m a t t e r  and t h e  N c o n c e n t r a t i o n  in  t h e  dry
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m a t t e r  a t  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n .  The d a ta  s u g g e s t  a 
r e l a t i o n s h i p  between t h e  growth and N n u t r i t i o n a l  s t a t u s  a t  t h e s e  s t a g e s  
o f  development  w i th  g r a i n  y i e l d .
There  were s i g n i f i c a n t  c o r r e l a t i o n s  between t h e  accum ula t io n  o f  dry 
m a t t e r  and N u p take  a t  bo th  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  o f  development .  In g e n e r a l ,  N u p take  p a r a l l e l e d  d r y  m a t t e r
p r o d u c t io n  a t  t h e s e  p h y s i o l o g i c a l  s t a g e s  o f  deve lopm ent .
At t h e  m i d - t i l l e r i n g  s t a g e  o f  development  from 19% t o  30% o f  t h e  
t o t a l  N h a d  b e e n  t a k e n  up  by t h e  r i c e  p l a n t s .  At  t h e  p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e  o f  development  from 36% t o  58% o f  t h e  t o t a l  N had 
been t a k e n  up by t h e  r i c e  p l a n t s .  In g e n e ra l  t h e r e  were h i g h e r  p o s i t i v e  
c o r r e l a t i o n  c o e f f i c i e n t s  between N u p take  a t  m i d - t i l l e r i n g  and g r a i n  
y i e l d  t h a n  w i th  N up take  a t  p a n i c l e  d i f f e r e n t i a t i o n  w i t h  g r a i n  y i e l d .  
R eg ress ion  a n a l y s i s  i n d i c a t e d  t h a t  g e n e r a l l y  more v a r i a b i l i t y  in g r a i n  
y i e l d s  c o u ld  be  accoun ted  f o r  by N up take  a t  m i d - t i l l e r i n g  t h a n  a t  
p a n i c l e  d i f f e r e n t i a t i o n .  The d a ta  s u g g e s t  t h e  N n u t r i t i o n a l  needs of  t h e  
r i c e  p l a n t  must be ade qua te  a t  t h e  m i d - t i l l e r i n g  s t a g e  o f  development  f o r  
maximum g r a i n  y i e l d s .  T h i s  c o in c i d e s  wi th  t h e  i n f l u e n c e  o f  N a p p l i c a t i o n  
t im es  on g r a i n  y i e l d s  as  g r a i n  y i e l d s  t en d e d  t o  be l a r g e r  when N was 
a p p l i e d  a s  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  The d a ta  a l s o
i n d i c a t e  t h a t  f rom 42% t o  64% o f  t h e  t o t a l  N i s  t a k e n  up a f t e r  p a n i c l e  
d i f f e r e n t i a t i o n .
F o r  a l l  l o c a t i o n s  a n d  y e a r s ,  t h e r e  w e r e  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n s  between N up take  a t  m i d - t i l l e r i n g  and p a n i c l e s  p e r  square  
m e te r  and N u p ta k e  a t  p a n i c l e  d i f f e r e n t i a t i o n  and f l o r e t s  pe r  p a n ic l e .  
The d a t a  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between t h e  N n u t r i t i o n a l  s t a t u s  o f  
r i c e  and t h e  p e r i o d  in t h e  l i f e  c y c l e  o f  t h e  r i c e  p l a n t  when t h e s e  y i e l d
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components a re  de te rmined .
The d r i l l - s e e d e d  r i c e  p l o t s  g e n e r a l l y  had t a l l e r  p l a n t s  and more 
lodg in g .  Ni t rogen  r a t e  and t im e  o f  a p p l i c a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  
p l a n t  h e i g h t  and lodging.  Both p l a n t  h e i g h t  and lodg in g  were g r e a t e r  
when N was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .
The w a t e r - s e e d e d  r i c e  r e q u i r e d  s i g n i f i c a n t l y  f ew e r  days t o  50% 
head ing.  Ni t rogen  r a t e  and a p p l i c a t i o n  t ime s i g n i f i c a n t l y  i n f l u e n c e d  t h e  
number o f  days t o  50% heading .  N i t ro g e n  r a t e s  g e n e r a l l y  de c re a s ed  t h e  
number o f  days t o  50% he ad ing  up t o  an optimum N r a t e ,  t h e n  N r a t e s  above 
t h i s  optimum r a t e  i n c r e a s e d  t h e  number o f  days t o  50% head ing.  S p l i t  
a p p l i c a t i o n  o f  N s i g n i f i c a n t l y  d e c re a s e d  t h e  number o f  days  t o  50% 
heading  in r e l a t i o n  t o  t h e  s i n g l e  p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n .
The i n f l u e n c e  o f  c u l t u r a l  system on g r a i n  y i e l d  was v a r i a b l e  ov e r  
t h e  l o c a t i o n s  and y e a r s .  Gra in  y i e l d s  ranged from 2990 t o  10020 kg/ha. 
In g e n e r a l ,  N r a t e s  and t im e  o f  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  
g r a i n  y i e l d s .  Gra in  y i e l d s  were g e n e r a l l y  maximized when N was a p p l i e d  
as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  However, in  some i n s t a n c e s  
t h e  s p l i t  a p p l i c a t i o n s  o f  N were equal  t o  o r  g r e a t e r  th a n  t h e  s i n g l e  
p r e p l a n t  o r  p r e f l o o d  N a p p l i c a t i o n s  f o r  g r a i n  y i e l d .  The g r a i n  y i e l d  
i n c r e a s e s  from t h e  s p l i t  a p p l i c a t i o n s  ranged from 130 kg /ha  t o  260 kg/ha.  
However, when t h e  a d d i t i o n a l  c o s t  o f  t h e  s p l i t  a p p l i c a t i o n s  o f  N due t o  
a i r p l a n e  use  a r e  weighed a g a i n s t  t h e  g r a i n  y i e l d  i n c r e a s e s ,  i t  i s  
dou b t fu l  t h a t  i t  would be  eco n o m ica l ly  f e a s i b l e  t o  app ly  N as  s p l i t  
a p p l i c a t i o n s .
T h e  i n f l u e n c e  o f  c u l t u r a l  s y s t e m s  on y i e l d  c o m p o n e n t s  was 
i n c o n s i s t e n t  o v e r  t h e  l o c a t i o n s  and y e a r s .  In  g e n e r a l  N r a t e  and 
a p p l i c a t i o n  t im e  s i g n i f i c a n t l y  i n c r e a s e d  t h e  y i e l d  components. However,
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a s  N r a t e s  w e r e  i n c r e a s e d  t h e r e  was a g e n e r a l  d e c r e a s e  i n  t h e  o n e  
thousand  g r a i n  w e i g h t .
The number o f  f l o r e t s  p e r  p a n i c l e  and t h e  one thousand  g r a i n  weight
w e r e  g e n e r a l l y  l a r g e r  when  N was a p p l i e d  a s  a t h r e e - w a y  s p l i t
a p p l i c a t i o n .  Over  t h e  l o c a t i o n s  and y e a r s  t h e  number o f  f l o r e t s  p e r
p a n i c l e  ranged from 46 t o  224.  The one thousand  g r a i n  weight  ranged from
22.1 t o  27.9 grams. P a n i c l e  d e n s i t y  and p e r c e n t  s t e r i l e  f l o r e t s  were
g e n e r a l l y  l a r g e r  when N was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  p r e f l o o d  N
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a p p l i c a t i o n .  P a n i c l e  d e n s i t y  ranged  from 245 t o  586 p a n ic l e s / m  , 
f l o r e t  s t e r i l i t y  ranged from 6.2  t o  39.3%.
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  up t o  43% o f  t h e  t o t a l  
v a r i a t i o n  in  g r a i n  y i e l d  cou ld  be accounted  f o r  by p a n i c l e  d e n s i t y ,  t h e  
number o f  g r a i n s  p e r  p a n i c l e ,  and t h e  one thousand  g r a i n  weight .
C o r r e l a t i o n s  among t h e  y i e l d  components i n d i c a t e d  t h a t  in  g ene ra l  as  
p a n i c l e s  p e r  s q u a r e  m ete r  i n c r e a s e ,  t h e r e  was an i n c r e a s e  in p e rc e n t  
s t e r i l e  f l o r e t s  a n d  a d e c r e a s e  i n  t h e  o n e  t h o u s a n d  g r a i n  w e i g h t .  
S i m i l a r i l y ,  a s  f l o r e t s  pe r  p a n i c l e  i n c r e a s e ,  t h e  p e r c e n t s t e r i l e  f l o r e t s  
i n c r e a s e  and t h e  one thousand  g r a i n  we igh t  d e c r e a s e d .  These c o r r e l a t i o n s  
i l l u s t r a t e d  how t h e  y i e l d  components i n t e r a c t  and compensate  f o r  each 
o t h e r  in d e te r m in in g  t h e  y i e l d  o f  r i c e  (Matsushima, 1964) .
There were s i g n i f i c a n t  c o r r e l a t i o n s  between p e r c e n t  s t e r i l e  f l o r e t s  
and s t r a w  y i e l d s .  In g e n e r a l ,  t h e  c u l t u r a l  system w i th  t h e  l a r g e r  
p e r c e n t  s t e r i l e  f l o r e t s  a l s o  had t h e  l a r g e r  s t r a w  y i e l d .  In g e n e r a l ,  
s t r a w  y i e l d s  were ,  as  were p e r c e n t  s t e r i l e  f l o r e t s ,  g r e a t e r  when N was 
a p p l i e d  as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  The r e l a t i o n s h i p  
between s t r a w  y i e l d s  and p e r c e n t  s t e r i l e  f l o r e t s  may be due t o  t h e  mutual 
shad in g  e f f e c t  whereby i n c r e a s e d  s t r aw  p r o d u c t io n  l e a d s  t o  a d e c re a s e  in
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p h o t o s y n t h e s i s  a n d  t h e  f l o r e t s  f a i l  t o  f i l l  d u e  t o  a l a c k  o f  
p h o t o s y n t h e a t e  (Tanaka,  1964).
In g e n e r a l ,  t h e  c u l t u r a l  system wi th  t h e  h i g h e r  g r a i n  y i e l d s  a l s o  
had h i g h e r  v a lu e s  f o r  s t r a w  y i e l d s  and t o t a l  N up take  bu t  lower va lue s  
f o r  h a r v e s t  index (HI) and N h a r v e s t  index (NHI). The d a ta  s u g g e s t  t h a t  
as  g r a i n  y i e l d s  i n c r e a s e ,  t h e  t o t a l  b i o l o g i c a l  y i e l d  ( g r a i n  + s t r aw )  
i n c r e a s e s  and t h e  t o t a l  N up take  i n c r e a s e s  bu t  as i n d i c a t e d  by lower HI 
and NHI a g r e a t e r  p e r c e n ta g e  o f  t h e  t o t a l  b i o l o g i c a l  y i e l d  and t o t a l  N 
up take  i s  a s s o c i a t e d  wi th  t h e  s t raw.
In g e n e ra l  N r a t e  and t ime  o f  a p p l i c a t i o n  s i g n i f i c a n t l y  in f lu e n ce d  
t h e  s t r a w  y i e l d ,  t h e  t o t a l  N u p ta k e ,  HI ,  and NHI. The s t r a w  y i e l d s  and 
t h e  t o t a l  N up take  i n c r e a s e d  w i th  N a d d i t i o n s  w h i l e  t h e  HI and NHI 
d e c re a s e d .  Straw y i e l d s  and t o t a l  N up take  were g e n e r a l l y  l a r g e r  when N 
was a p p l i e d  as  a s i n g l e  p r e p l a n t  o r  p r e f l o o d  a p p l i c a t i o n .  C onve rse ly ,  HI 
and NHI were g e n e r a l l y  lower when N was a p p l i e d  as a s i n g l e  p r e p l a n t  o r  
p r e f l o o d  a p p l i c a t i o n .  Over  t h e  l o c a t i o n s  and y e a r s ,  t o t a l  N up take  
ranged from 61.4 t o  242.8 kg N/ha. Straw y i e l d s  r anged  from 3410 t o  
20280 kg/ha.  HI and NHI ranged  from 0.29 t o  0.57 and from 0.39 t o  0.74.
Ni t rogen  r a t e  and t i m e  o f  a p p l i c a t i o n  g e n e r a l l y  i n c r e a s e d  t h e  N 
abso rbed  by t h e  g r a i n .  N i t ro g e n  absorbed  by t h e  g r a i n  i n c r e a s e d  as N 
r a t e s  i n c r e a s e d  and N up take  was g e n e r a l l y  l a r g e s t  as  a s i n g l e  p r e p l a n t  
o r  p r e f l o o d  a p p l i c a t i o n .  There  were g e n e r a l l y  no d i f f e r e n c e s  between t h e  
c u l t u r a l  systems f o r  t h e  N c o n c e n t r a t i o n  in  t h e  g r a i n .  N i t rogen  r a t e  and 
t im e  o f  a p p l i c a t i o n  had l i t t l e  e f f e c t  on t h e  N c o n c e n t r a t i o n  in  t h e  
g r a i n .  The N c o n c e n t r a t i o n  in t h e  g r a i n  was r e l a t i v e l y  c o n s t a n t  over  t h e  
N r a t e s  and a p p l i c a t i o n  t im es .
Va l id  compar isons  c o u ld  n o t  be  made between t h e  1982 and 1983
growing seasons  a t  t h e  N o r t h e a s t  Research S t a t i o n ,  St .  Jo seph ,  Louis iana  
o r  a t  t h e  Macon R i d g e  B r a n c h  o f  t h e  N o r t h e a s t  R e s e a r c h  S t a t i o n ,  
Winnsboro,  L ou i s ia na .  The p r e s e n c e  o f  s t r a i g h t h e a d ,  t h e  i n f e s t a t i o n  of  
r ed s te m  (Ammannia a u r i c u l a t a ) and low p l a n t  d e n s i t y  in  one o r  t h e  o t h e r  
c u l t u r a l  s y s t e m s  m ak e  c o m p a r i s o n s  n o t  i m p r a c t i c a l .  However, some 
p r a c t i c a l  i m p l i c a t i o n s  can be made from t h e  r e s u l t s  o b t a i n e d  from t h e  
r e s e a r c h  a t  t h e  N o r t h e a s t  Research S t a t i o n  and t h e  Macon Ridge Branch of  
t h e  N o r t h e a s t  Research S t a t i o n .  Rice i s  a r e l a t i v e l y  new crop in  no r th  
L o u i s i a n a  and t h e  1982 r e s e a r c h  was t h e  f i r s t  y e a r  f o r  r i c e  p r oduc t ion  a t  
t h e s e  r e s e a r c h  s t a t i o n s .  Some o f  t h e  problems encoun te red  d u r in g  t h e  
d u r a t i o n  o f  t h i s  r e s e a r c h  a r e  p robab ly  r e f l e c t i v e  of  t h e  same problems of  
r i c e  f a rm er s  b e g inn ing  t o  grow r i c e  in n o r th  L o u i s i a n a .  Based on f i e l d  
o b s e r v a t i o n s  and r e s u l t s  from t h e  two growing seasons  i t  may be concluded 
t h a t  i t  would be more advan tageous  t o  d r i 1 1 - s e e d  r i c e  in a r e a s  where r i c e  
i s  a r e l a t i v e l y  new crop.  The main reasons  f o r  adv o c a t in g  d r i l l - s e e d e d  
r i c e  i s  due t o  t h e  r e l a t i v e l y  u n l e v e l  land which i s  a s s o c i a t e d  with new 
a r e a s  going i n t o  r i c e  p r o d u c t i o n .  At t h e  N o r t h e a s t  Research S t a t i o n  and 
t h e  Macon Ridge Branch o f  t h e  N o r t h e a s t  Research S t a t i o n  some problems 
due t o  un l ev e l  land  were e n c o u n te re d  in t h e  w a t e r - s e e d e d  r i c e .  At t imes  
i t  was d i f f i c u l t  t o  m a i n t a i n  a uni form f lo o d  on t h e  w a t e r - s e e d e d  r i c e  and 
when t h e  f l o o d  was removed in  t h e  " p i n - p o i n t "  f l o o d i n g  system, t h e r e  was 
s e v e r e  damage due t o  b l a c k b i r d s  e a t i n g  t h e  young r i c e  s e e d l i n g s .  When 
r i c e  was d r i l l - s e e d e d ,  however ,  t h e s e  problems were no t  encounte red .
The f e r t i l i t y  o f  t h e  Sharkey c l a y  a t  t h e  N o r t h e a s t  Research S t a t i o n  
i s  p robab ly  s i m i l a r  t o  t h e  f e r t i l i t y  o f  Sharkey c la y s  in n o r th  Louis iana .  
R e s u l t s  f r o m  N o r t h e a s t  R e s e a r c h  S t a t i o n  i n  1 9 8 2  i n d i c a t e  t h a t  N 
a p p l i c a t i o n s  may no t  be n e c e s s a r y  t h e  f i r s t  y e a r  r i c e  i s  grown on Sharkey
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c l a y .  However, i n  1983, t h e r e  were s i g n i f i c a n t  i n c r e a s e s  in g r a i n  y i e l d  
up t o  t h e  102 kg N/ha r a t e .  This  may be a t t r i b u t e d  t o  a d e c re a s e  in  t h e  
a n a e r o b ic  m i n e r a l i z a t i o n  o f  NH^+-N in  t h e  1983 f i e l d  i n v e s t i g a t i o n s .
The f i e l d  i n v e s t i g a t i o n s  a t  t h e  R i c e  R e s e a r c h  S t a t i o n  w e r e  
r e l a t i v e l y  c o n s i s t a n t  f o r  t h e  two growing seasons  and comparisons can be 
made between t h e  growing s e a s o n s .  The d a t a  s u g g e s t  t h a t  t h e  c l i m a t i c  
c o n d i t i o n s  may have i n f l u e n c e d  t h e  r e s u l t s  o f  t h e s e  s t u d i e s .  The 
v a r i a b l e s  measured a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  
s t a g e s  were equa l  o r  s l i g h t l y  l a r g e r  in t h e  d r i l l - s e e d e d  r i c e  t h e  f i r s t  
y e a r .  The g r a i n  y i e l d s  f o r  t h e  c u l t u r a l  systems were a l s o  ve ry  s i m i l a r  
i n  t h i s  growing season .  From emergence t o  m i d - t i l l e r i n g  and p a n i c l e  
d i f f e r e n t i a t i o n  t h e r e  were 457 and 627 degree  days .  In t h e  second y e a r  
t h e  v a r i a b l e s  measured a t  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  were 
l a r g e r  in t h e  w a t e r - s e e d e d  r i c e .  There were s i g n i f i c a n t l y  l a r g e r  g r a i n  
y i e l d s  in  t h e  w a t e r - s e e d e d  r i c e .  From emergence t o  m i d - t i l l e r i n g  and 
p a n i c l e  d i f f e r e n t i a t i o n  t h e r e  were 286 and 545 degree  days.
T h e  d a t a  i n d i c a t e  a r e l a t i o n s h i p  b e t w e e n  t h e  g r o w t h  a n d  N 
n u t r i t i o n a l  s t a t u s  o f  t h e  r i c e  p l a n t  a t  t h e  m i d - t i l l e r i n g  and p a n i c l e  
d i f f e r e n t i a t i o n  s t a g e s  o f  development  wi th  g r a i n  y i e l d .  The e f f e c t  o f  
c l i m a t i c  c o n d i t i o n s  d a t e  and accum ula t ion  o f  degree  days on t h e  v a r i a b l e s  
measured a t  m i d - t i l l e r i n g  and p a n i c l e  d i f f e r e n t i a t i o n  s t a g e s  a long  wi th  
g r a i n  y i e l d  a r e  a l s o  i l l u s t r a t e d  i n  t h e  compar ison o f  t h e  f i r s t  and 
second y e a r  d a t a .  The d a t a  s u g g e s t  t h a t  t h e  e a r l i e r  t h e  p l a n t i n g  d a te  
t h e  more advan tageous  i t  would be t o  w a t e r - s e e d  r i c e  due t o  t h e  c o o l e r  
t e m p e r a t u r e s  and d e c re a s e d  accum ula t io n  o f  degree  days. However, a s  r i c e  
i s  p l a n t e d  l a t e r  i n  t h e  g r o w i n g  s e a s o n ,  t h e  c u l t u r a l  s y s t e m s  a r e  
e s s e n t i a l l y  equa l  f o r  g r a i n  y i e l d  p ro d u c t io n .
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